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O^HonyHKTHMe cHcxeMW ynpaBJieHHH 
KocMEraecKHMH rpynnnpoBKaMH MajlHX HC3 

K.A.no6eÄOHocii;eB, B.H.MOIHKHH 

OKB M3H 
111250, MocKBa, KpacHOKa3apM6HHaai yji., 14 

Teji./tpaKc: 362-56-52 

Qmra H3 npuBjieKaTejibHbix cxopoH Hcnojib30BaHHH Majibix PIC3 - HX 

HH3Ka5I CTOHMOCTb H B03M05KHOCTb peiHefflltf KOHKpeTHblX 3a#alI B CaMbie 
KOpOTKHe CpOKH, Ha^HHa» OT 4)OpMyjfflpOBKH T3 H KOHHafl Chanen HC3 B 
3KcruiyaTaiiHio. QflHaKo, npH 3TOM fljia pemeHUH Bcero KOMiuieKca 3aaan, 
peajiH3yeMoro c noMomM TpaflHUHOHHbix "6ojibiHHx" HC3, KOJinqecTBo KA 
^OJDKHO 6biTb 3HaHHTejibHO yBejnraeHo, TTO npHBo^HT K öojibuioö nepe- 
rpy3Ke cymecrayiomero Ha3eMHoro KOMiuieKca ynpaBJieHHa H ycjioxiweT 
npeflocTaBjieHHe HHcpopMaitHH H ynpaBjieHHe HC3 co CTOpoHbi HX 3a- 
Ka3MHKOB. Pa3pemeHHe aroro npoTHBopenira MoaceT 6biTb HaH^eHo B co3Z(a- 
HHH oflHonyHKTHbix CHCTeM ynpasjieHH« cneHHarcH3HpoBaHHbiMH rpynrai- 
poBKaMH Majibix HC3. 

OnpeflejiaeTCH HHcf>opMaHHOHHO-H3MepHTe.nbHafl cTpyKTypa Ha3eMHbix 
H SopTOBbix cpe^cTB, oöecneHHBaiomaii ynpaBJieHHe rpynriHpoBKOH, Tpe6o- 
BaHHH K CHCTeMaM H3MepeHHH napaMeTpoB opÖHTbi, nepe^aMH /taHHbrx xe- 
jreH3MepeHHH Ha 3eMJiio, KOMaHA H nporpaMM/KoppeKHHH nporpaMM Ha 
6opx Kax^oro H3 Majibix HC3. 

B KanecTBe npoTOTHna npe^jiaraeMOH Hflen npHBcwrrcji aaHHbie 06 
oflHonyHKTHOH CHCTeMe ynpaBjieHiia rpynnHpoBKOH HC3 cepHH 
MPC   H3   5   CnyTHHKOB,   OCymeCTBJTflIOmHX   ÄHCTaHHHOHHOe   30HflHpOBaHH6 
3eMjiH H pacnojiaraeMWH Ha noflMocKOBHOM nyHKTe KOCMMHCCKOH CBH3H 

OKB M3H "MeflBeacbH 03epa". 

K .Ilo6eAOHOci];eB 



Single-Post Control Systems for Orbital Constellations of Small Satellites 

K.A. Pobedonostsev, V.N. Moshkin 
OKB MEI 

111250, Krasnokazarmennaya St., 14, Moscow 
Phone /Fax: (095) 362-56-52 

One of winning sides of using small satellites in their cheapness and a 
possibility of carrying out specific tasks in the most short terms from elabora- 
tion of specification to the beginning operation. 

However to solve the whole complex of problems which usually are real- 
ized using traditional "big" satellites the number of small satellites is to be 
considerably increased. This make more complicated information transmis- 
sion and satellites control by their customers. 

This problem can be solved through the creation of single-post control 
systems to control specific constellations of small satellites. 

One must to determine information-and-measuring structure of the 
ground and on-board means. This structure is to ensure control the constel- 
lation, requirements for orbit parameters measuring systems, data transmis- 
sion systems, commands and programs/program corrections to each of the 
small satellites. 

As the prototype of the idea proposed the data of the single-post control 
system that is designed to control the satellites constellation consisting of the 
5 IRS Earth monitoring satellites which are at the OKB MEI "Medvezhyi 
ozera"\ Space communications post near Moscow, are presented. 

K. Pobedonostsev 



MKA Ha ocHOBe 6a30BOH VHH(|)HnHpoBaHHOH njiaTcfropMbi 
H 3ajejia CHCTCMHHX pa3pa6oTOK HFIO MamHHocTpoeHHa 

H npegnpnaTHH KoonepanHH 

B. HßaniHH 
HFIO MauiHHOCTpoeHHa 

143952 r. PeyTOB, MocKOBCKaa oöjiacrb 
yji. TarapHHa 

$aicc: (095) 302-20-01, (095) 528-30-18 

BBCJCHHC 

B HacToamnx MaTepaanax npHBO^HTca pe3yjibTaTbi pa6oT no onpe^eneHHio 
OCHOBHBIX xapaKTepncTHK Majioro KOCMHnecKoro annapaTa CBJOH «PycjiaH-MM». 

1. MajibiH KocMHHecKHH aiinapaT (MKA) CBH3H 

1.1. CocTaB c-HCTeM KOCMHnecKoro annapaTa. 

B cocTaB cnyraHKa BxoflaT: 
- Kopnyc; 
- GopTOBaa CHCTeMa CBH3H; 

- 6opTOBOH KOMnjieKc ynpaBJieHHH; 
- ABHraTejibHaa ycxaHOBKa; 
- cncTeMa 3JieKTponnTaHHa; 
- cncTeMa TepMoperyjiHpoBaHHfl. 
BopTOBofi KOMnjieKc ynpaBJieHHa BKjnonaeT B CBOH cocTaB cneAyiomHe 

CHCTeMbi: 
- ÖOpTOBOH BblHHCJIHTeJIbHblH KOMnJieKC; 
- CHCTeMy ynpaBJieHHa ;iBH>KeHHeM; 
- öopTOByio annapaTypy KOMaH«HO-H3MepHTejiBHOH CHCTCMBI; 

- CHCTeMy TeJieMeTpHHCCKHX H3MepeHHH 
- annapaTypy noTpeÖHTejia cnyTHHKOBOH HaBHranHH; 
- ÖOpTOBbie CHCTeMbi aBTOMaTHKH. 
Oco6eHHOCTbK) cnyraHKa aejiaeTca ^BHraTenbHaa ycTaHOBKa, ocHOBaHHaa Ha 

npHMeHeHHH ajieiopopaKeTHbix .zjBHraTejieH (3P/I,) H KcenoHa B KanecTBe pa6onero 
Tejia. HCTOHHHKOM sneprHH, oGecneHHBaiomHM paöcny 3P^, aBJiaeTca cncTeMa 
3-neKTponHTaHHa. 

3P,fl, oTjiHHaioTca BBICOKHM y^ejibHbiM HMnyjibcc-M (~ 1500 c) H HMCIOT Majryio 
Maccy. Tara 3?J\ M-70 (OKB «Oaiceji») paBHa 4 rp. 

J],BHraTejibHaa ycTaHOBKa Hcnojib3yeTca ßna AOBbiBe^eHHa cnyTHHKa Ha 
reocTannoHapHyio opönry, KoppeKHHH ero nojioaceHna B TOHKe CToaHHa Ha TCO H 

CTaÖHJIH3anHH. 

B. HBauiHH 



CncTeMa sjieKTponHTaHHa BKjnonaeT B CBOH cocTaB: 
- öaTapeio cojiHeHHyro; 
- 6aTapeio HHKejib-BOflopoAHbix aKKyMyjnrropoB; 
- aBTOMaTHKy. 
CojiHeHHbie 6aTapen ocHamaioTca <|)OT03JieKTpHHecKHMH npeo6pa30BaTe.naMH 

Ha ocHOBe KpeMHHa. 
CncTeMa TepMoperynnpoBaHHa ocHOBaHa Ha npHMeHeHHH TenjiOBbix xpyö. 

1.2. KoHCTpyKHHa MKA. 

KoHCTpyKTHBHO cnyTHHKH #ejiaTca Ha ßße nacTH: yHHBepcajibHyio 
KOCMH^ecKyio njiaT(|)opMy (YKEI) co cjiyaceÖHtiMH CHCTeisiaMH H cMeHHbift MO^yjit 
nojie3HOH Harpy3KH (GopTOByio CHCTeMy CB»3H) . 

CnyTHHK   CB83H   HMeCT   <j)OpMy   6jlH3KyK)   K   Ky6HHeCK0H.   OCHOBy   cnyTHHKa 
cocTaßjiaeT Kopnyc <J)epMeHHOH KOHCxpyKHHH. B neHTpe Kopnyca Haxo/niTca Tpyöa 
öojibuioro ÄHaMeTpa, KOTopaa oßHOBpeMeHHo aBJiaeTca KopnycoM npnöopHoro oTceica. 
KpoMe Toro B Tpy6e pa3MeiHaeTca 6anjiOH c KceHOHOM, BXOäSIHHH B cocTaB Jjy. Ha 
HapyKHOH noBepxHOCTH cnyTHHKa pa3MemaK)Tca HaBecHbie ycTpoficTBa 6opTOBbrx 
CHCTeM. 

Ha «K»KHOH» H «ceBepHofi» rpaHax Kopnyca (HaHMeHOBaHHa rpaHen CBa3aHLi c 
HX opneHTaHHeH npn HiTaraoM noJieTe Ha TCO) ycTaHaBjiHBaioTca cbeMHbie naHejin- 
c6opKH c annapaTypoft 6opTOBbix peTpaHCJiaTopoB. CHapyacn STHX naHejien 
pa3MemaioTca cojraeHHbie öarapen CHCTCMBI sjieKTponHTaHHa. naHenn cHaöacaiorca 
paflHaHHOHHbiMH Tenjioo6MeHHHi<aMH (PTO) cHCTeMbi xepMoperyjinpoBaHHa 
cnyTHHKa. Ha «BOCTOHHOH» H «3anaflHOH» rpaHax pa3Meru;aioTca COOTBCTCTBCHHO 

npneMHoe H nepe/jaioinee ycxpoHCTBa peTpaHCJiaTopa C -flHana30Ha. 
HK- BepTHKaub, acTpo,n;aTHHK H #aTHHK CojiHHa, BxoflaHine B cocTaB CHCTCMH 

ynpaBneHHa flBHKeHHeM, aHTeHHbie ycrpoHCTBa peTpaHCJiaTopoB H MaaKa KH - 
AHana30Ha, annapaTypbi noTpeonrejia cnyTHHKOBOH HaBHrauHH, nacTb aHTeHHbix 
ycTpoÄCTB 6opTOBOÄ annapaTypbi KOMaH£HO-H3MepHTejibHOH CHCTCMBI (BA KHC) 
pa3MemaK>Tca na «3CMHOH» rpaHH. ßßa ManoHanpaBJieHHbix aHTeHHbrx ycTpoÄCTBa BA 
KHC pa3MemaioTca Ha «aHTroeMHOH» rpaHH. 

OöIHHH BHä cnyTHHKa npeACTaBneH Ha pnc. 1.1. 

B. HßaniHH 



CnyiHHK CBA3H "PYCJIAH - MM" 

Earapea conHeHHaa 

SneKTpopaKeTHbie 
flBunaTenn 

AHTeHHaAnCH 

ACT po M3Mep men b Ha a 
cucTen/ia ~      Mt,^% 

AHteHHbi cbpTOBOü annaparypbi _ 
KOMaHAHO-M3MepMTenbHOM CMCTeMbl 

PHC 1.1 

B. HBauiHH 



1.3. OcHOBHLie AaHHBie MKA. 

OcHOBHtie ^aHHbie 6opTOBbix peTpaHCjiKTopoB Tpex cnyTHHKOB «PycjiaH-MM» 
(B cyMMe) npHBefleHBi B TaÖJi. 1.1. B TaÖJi. 1.2 npe^CTaBJieHbi ocHOBHbie ÄaHHbie 
cnyTHHKa B nejioM. Cßo^Ka Mace cnyTHHKa npe.ACTaB.neHa B xaöji. 1.3. 

Taöjrana 1.1 
XapaKTepKCTHKa PeTpaHcnHTOp 

C - ÄHana30H KH - flHana30H 

HHCJIO CTBOJIOB 14 22 
MomHOCTb JIBB, BT 15 20 
HHCJIO KaHajiOB (64 K6HT/C) 8960 14080 
Macca BCC (c aHTCHHbiMH ycTpoHCTBaMn) ' 125,0 

3HepronoTpe6jieHHe, BT
#) 950 

*) /ui» OAHoro cnyTHHKa 
Taojinua 1.2 

XapaKTCpHCTHKH 3HaneHHe 

Macca cnyTHHKa Ha nepexo^Hofi op6HTe, Kr 620 
Macca cnyTHHKa Ha TCO, KT 520 
Macca nojie3Hoft Harpy3KH, Kr 125 
MonjHOCTb CHCTeMbi 3JieKTponHTaHHa npn pa6oTe J\Y c 
3?J\ Ha nepexoÄHofl opÖHre, BT 

3250 

BpeMH BbiBe^eHHa Ha TCO, cyT. 145 
ToHHocTb nojwepacaHHH napaMeTpoB opÖHTbi no innpoTe 
H aojiroTe 

±0,1° 

ToHHocTb opneHTanHH H CTaOHnroanHH no TpeM ocaM + 0,1° 
CpOK aKTHBHOrO CymeCTBOBaHHS 10 JieT 

OpÖHTa CJtyHKHHOHHpOBaHHa reocTannoHapHaa 

PaKeTa-HOCHTejib «CTpejia» + PB 

TaöJiHna 1.3 

HaHMeHOBaHHe Macca, Kr 

CnyTHHK Ha nepexoAHOH opÖHTe 620 
CnyrHHK Ha FCO 520 
BopTOBaa CHCTeMa CBa3H 125 
KoHCTpyKHH« C yCTpOHCTBaMH CHCTeMbi 
TepMoperyjiHpOBaHHa 

80 

BopTOBOH KOMnneicc ynpaBJieHHa 100 
/jBHrarejibHaa ycTaHOBKa cyxaa 75 
CHCTeMa 3JieKTpOHHTaHHa 110 
BopTOBaa KaGenbHaa ceTb 10 
KceHOH, 
B T.H. KCeHOH JiflU KOppeKHHH OpÖHTbi 

120 
20 

CnyTHHK nojiHocTbio co6paHHbift, HesanpaBJieHHHH 

KCeHOHOM 

500 

B. HßaniHH 



J\im    peajiH3ai^HH    yKa3aHHbix    B    Taöannax    xapaKTepncTHK    cnyTHHKa 
Heooxo^HMo: 

Hcnojib30BaTB B ero cocTaße annapaTypy n saeMenrbi KOHCTpyicmiH Ha 
coBpeMeHHOM TexHHHecKOM ypoBHe; 

HcnonB30BaTL CTa6HJiH3au;Hio BpainemieM npn paöoTe pa3roHHoro 6aoKa, 
HTO no3BOJiHT HCKJiKDHHTt H3 ero cocTaBa Kanaioinee conao, 6opTOBofi HCTOHHHK 

MOIHHOCTH, pyjieBbie npnBoabi n, TaKHM o6pa30M, 3HaHHTentHO yMeHbniHTb Maccy 
KOHCTpyKt(HH ÖJIOKa. 

1.4. BbiBeaeHne MKA Ha reoeranHOHapHyio op6nry. 

BbiBe/jeHHe cnyraHKa CB»3H (HC3 PycjiaH-MM) Ha reocranHOHapHyio opÖHTy 
paKeTOH-HOCHTejieM «CTpejia», C03a,aBaeM0H Ha 6a3e KOHBepcnpyeMOH paxeTbi PC-18 c 
KocMoapoMa «CBO6OAHMH» COCTOHT H3 caea,yioinHX ynacTKOB: 

- ynacTOK pa6oTbi flY I H II cryneHH H AUE, Ha KorapoM oSecnennBaeTca 
BbiBefleHHe CB33KH HC3 n PB Ha onopHyio opÖHTy. 3HepreTHHecKne BO3MO>KHOCTH PH 
«CTpejia» no3BOJMioT BBIBCCTH cBH3Ky HC3 H PB Ha KpyroByio onopHyio op6nTy 
BLicoTOH 170 KM H HaKJioHeHHeM 52° Maccofi 2100 icr; 

- ynacTOK CTaönaißHpoBaHHoro naccHBHoro nojieTa CB^3KH no onopHoft op6nTe 
Ao nepeceneHHa ee c SKBaTopnaabHon naocKOCTbio, aceaaTeabHO npn BTOPOM 
nepeceneHHH B BocxoaameM y3jie; 

- ynacTOK nepeBoaa HC3 Ha nepexoaHyio BbicoKoaaannTHHecKyio op6nry c 
napaMexpaMH: 

H^= 1700 KM; 

Ha= 100000 KM; 

i = 52°. 
ripn 3TOM TOHKH nepnrea n anorea nepexoanon opönrbi aeacaT B TOHKax 

nepeceneHHa ee c 3KBaTopnaabHon IMOCKOCTBK). 

riepeBOA MC3 Ha BbicoKosaannTHaecKyio nepexoanyio opÖHTy 
ocymecTBJiaeTca nyTeM ncnoab30BaHna sHepreTHKH TBepaoTonanBHoro pajroHHoro 
6aoKa. B pe3yjibTaTe pa6oTbi Jjy PB oöecneHHBaeTca npnpameHne CKopocra 2909 M/C (C 

7806 M/C /to 10715 M/C), HTO cooTBeTCTByeT cKopocTH a nepnree 3aaaHHon 
BbicoKoanjiHnTHHecKOH nepexonnon opönTbi. Ilocae OKOHHaHna pa6oTbi JJY PB HC3 
oxneaaeTca OT PB H HannHaeT aBnacenne no nepexoanofi opÖHTe. Macca HC3 B STOT 

MOMeHT cocTaBnaex 620 Kr. B cocraß HC3 BxoanT 3PJJY aaa ocymecTBaeHna 
nepexoaa HC3 c nepexoanon BbicoKoaaannrHHecKon opönTbi Ha reocTannoHapHyio 
opÖHTy. 3anac paöonero TonanBa (KceHOHa) 3? JJY cocTaBJiaeT 100 Kr. B cocTaße 
3?J\Y 4 o^HOBpeMeHHO pa6oTaioni,nx JJY M70 c Taron 0,004 Kr y Kaacaoro H 

Ryfl=1510c. 
npe^aaraerca caeayioinaa nocaeaoBaTeabHOCTb 3TanoB nepeBoaa HC3 c 

nepexoanon opÖHTbi Ha TCO: 
3Tan 1 - yBeannenne BHCOTH nepnrea ao BeannnHbi, rae B03MoaceH noaeT HC3 

c pa6oTaiom;eH 3?Jjy. Ha STOT 3Tan oTBeaeHo 2 BHTKa. 3PJJY BKaioHaioTca Ha 
aopasroH, Ha ynacTicax rae 3<Jx|>eKTHBHocTb yBeaHaeHna nepnrea He MeHee 60 - 70%. B 
KOHne BToporo BHTKa BbicoTa nepnrea nepexoaHon op6nTbi aocraraeT 1000 KM (pnc. 
1.2). 

3Tan 2 - noßopoT naocKOCTH opGnTbi ncxoajioro HaKaoHeHHa (i = 52°) ao 
coßnaaeHna c SKBaTopnaabHon naocKOCTbio (i = 0°). Ha STOM STane Tara 3?Jjy 
HanpaBaeHa   nepneHanKyaapHO   naocKOCTH   nepexoanon   opönrbi   B   HanpaßaeHHH 
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yivieHBinaiomeM BeannnHy HaKaoHCHna opÖHTBi. Ilo pe3yntTaTaM pacneTOB 
onpeaeaeHo, HTO SHepreTHHecKH BBiroflHO BKaioHHTB 3P,fly B anana30He ± 30° 
HCTHHHOH aHOMaann OTHOCHTejifcHO TOHKH anorea (S = 150° -4- 210°). PenieHHe 3a^aH 
BToporo 3Tana npoHcxoÄHT npn ABHäCHHH HC3 B TeneHne 29 BHTKOB. 3aTeM 
HeoöxoflHMO nepefiTH K penieHnio 3aaan TpeTbero 3Tana. 

3 3Tan - o^HOBpeMCHHoe yBennneHHe BBICOTBI nepnrea H CHHaceHna BBICOTBI 

anorea no BBICOTBI TCO, T.e. nepeBOfl HC3 Ha TCO. /Jaa penieHHa STOH 3a#aHH 3?J\Y 
BKJironaioTca Ha Äopa3roH B paftoHe anorea H Ha TcpMoaceHHe B panone nepnrea. 
npoflonacHTejibHOCTB ynacncoB paöoTBi 3P^Y 3aa,aeTca BCJIHHHHOH S^CKTHBHOCTH 

H3MeHeHna napaMeTpoB opÖHTti. 
npH pemeHHH 3aaann onTHMH3annn ynpaBaeHna 3Pfl,y 6BUIH paccMOTpeH&i 

K03(|)(J)HHHeHTi>i 3(J)$eKTHBHocTH B caeayiomnx anana30Hax: 
- Koa^nnHeHT yBejiHHeHHa BBICOTBI nepnrea ox 60% #o 90%, 
- Koa^nnnenT yMeHBUieHna BBICOTBI anorea OT 60% RO 80%. 

Ha nepeBOA HC3 c nepBOHanajiBHon nepexoaHOH BBicoKosjuinnTHHecKOH 
opÖHTBi Ha TCO TpeöyeTca 145 cyxoK. 

ripn 6ojiee SKOHOMHOM pacxo^oBaHnn paöonnx 3anacoB KceHOHa BpeM« 
nepexo.ua yBeannnBaeTca. 3KOH0Mna 1 Kr KceHOHa cooTBeTCTByeT yBenHHemno 
BpeMeHH nepexoaa Ha 3-4 cyTOK. 

,H,aa ynpaBJieHna nojieTOM cnyTHHKa c PB ncnonB3yioTca TexHHHecKne cpeflCTBa 
H3 cocTaBa cymecTByiomero Ha3eMHoro aBTOMaTH3HpoBaHHoro KOMnaeicca ynpaBaeHna 
POCCHHCKOH Oeaepannn. 

B cocTaB HKY BXO^aT neHxp ynpaBJieHna nojieTOM, TexHHHecKne cpeacTBa 
Ha3eMHBix H3MepHTeaBHBix nyHKTOB, a TaKace cymecxByiomaa cncTeMa CBa3n n 
nepeaann aaHHBix. 

U,yn npe^jiaraeTca C03aaBaTB Ha 6aje cpe^cTB HHO MamnHOCTpoeHna, nan Ha 
ycaoBnax apemiBi Ha oöteKTe 413 MO (r. KpacH03HaMeHCK) nan B IJHHHMAIII (r. 
Kopoaeß). 

J\jm Henocpe^cTBeHHoro ynpaBaeHna ncnoaB3yioTca TexHHHecKne cpeacraa 
Ha3eMH&ix H3MepnTeaBHBix nyHKTOB, pa3MeineHHBix B ropo^ax CaHKT-]leTep6ypr, 
IHeaKOBO, MaaoapocaaBen, EHHCCHCK, yaaH-yoe, KoMCOMoaBCK-Ha-AMype, 
yccypnncK. 
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2. JBIH aTCJihHaa ycTaHOBKa 

J],BHraTejiBHaa ycTanoBKa npe/JHasHaneHa ,zuia BBiBe/j;eHHa HC3 «PycnaH-MM» 
c npoMeacyroHHOH Ha reocTaunoHapHyio opönry, cTa6HJiH3auHH B nponecce 
B&iBeAeHHa H KoppeKUHH opÖHTBi HC3 B nponecce 4>yHKHHOHHpoBaHHa Ha opönre. 

B Jjy ycTaHOBneHM 8 CTauHOHapH&rx njia3MeHHBix ßBHraTejieH M70, 
pa3pa6oTaHHbix OKB "OaKeji". 

OCHOBHBIM TpeöoBaHHeM K jJBHraTejiBHoft ycTaHOBKe aBjiaeTca BpeMa 
4>yHKHHOHHpoBaHHa, KOTopoe /BDJDKHO 6BITB He MeHee 10 JieT, HTO cooTBeTCTByeT ijjia 
paccMaTpHBaeMofi fiy pecypcy O/JHOTO /jBHraTejia OT 3900 #0 4100 nacoB H OKOJIO 

4500 BKJIKOHeHHH. 
Ilo ÄaHHBIM HHH npHKJiaflHOH MexaHHKH H 3JieKTpOXlHHaMHKH MoCKOBCKOrO 

rocy^apcTBeHHoro aBHauHOHHoro HHCTHTyTa, cooGmeHH&iM B paöoneM nopa/iKe Ha 
3aceAaHHH npoöJieMHoro coßeTa Ne 5 HTC PKA 20 MapTa 1997 ro^a, K HacToameMy 
BpeMeHH flBHraTejiB M70 HMeeT pec3^pc 5000 nacoB H 6000 BKjnoHeHHH. 

^BHrarejiH M70 ycTaHaBJiHBaioTca Ha noBopoTHBix njiaT<J)opMax. IloBopoT 
ABHraTejieft oöecneHHBaeT CTa6HJiH3auHio H opneHTaHHio HC3 BO BpeMa HX pa6oTbi 
KaK Ha ynacTKe nepexo^a c npoMOKyTOHHofi opÖHTBi Ha reocranHOHapHyio, TaK H Ha 
pa6oneH opÖHTc. 

no AaHHBiM OKB "cDaiceji" #BHraTejiH M70 nponum HOJIHBIH oöteM OTpaGoTKH 
H c 1982 ro/ja SKcnjiyarHpyiOTca B cocTaße HC3 pa3JiHHHoro Ha3HaneHHa. B 
HacToamee BpeMa npoeKTupyeTca HX Hcnoji&30BaHHe Ha cnyxHHKax "CeBep" 
(pa3pa6oTKa HIIO npHKJianHOH MexaHHKH) H "ÜMaji-lOO" H "ÜMaji-200" (pajpaöoTKa 
PKK "DHepraa"). 

3. CncTeMa ynpaBJieHHa aBHaceHHeM 

3.1. Ha3HaneHHe H OCHOBHBIC TpeöoßaHHa. 

CncTeMa ynpaBJieHHa äBHKCHHCM (CY,!],) npe/j;Ha3HaHeHa AJia ynpaBJieHHa 
ABHaceHneM cnyTHHKa (HC3) c pa3roHHbiM 6JIOKOM (PB) Ha onopnon op6HTe H 

ynpaBJieHHa ^BHacenneM cnyTHHKa Ha nepexo^HBix opÖHTax H Ha reocranHOHapHOH 
OpÖHTC 

Cyß AOJiacHa o6ecneHHT&: 
- jj,eMn(f>HpoBaHHe ynioBBix CKopocTefl cnyTHHKa c PB H 6e3 PB; 
- opneHTanHK) H yraoByK) CTa6HJiH3anHio cnyTHHKa OTHOCHTCJIBHO TpeöyeMoft 

CHCTeMBi KOop^HHaT c norpeumocTBio (3 a) He 6ojiee: 
- 6 yra. MHHyT ,zuia cnyTHHKa OTHOCHTCJIBHO opönrajiBHOH CHCTCMBI 

Koop^HHaT (OCK) Ha reocTanHOHapHOH opÖHTe; 
- 15 yrji. MHHyT fljia cnyTHHKa c PB HJIH 6e3 PB Ha onopHofi H nepexo/niBix 

OpÖHTaX OTHOCHTeJIBHO OCK HJTH OTHOCHTeJIBHO HHepHHaJIBHOH CHCTeMBi KOOpflHHaT 
(HCK) c yneTOM nporpaMMHbix yrjiOB npn BBujane pa3roHHbix HMnyjiBCOB Tarn; 

- 60 yrn. MHHyT /uia cnyTHHKa OTHOCHTCJIBHO OCK HJIH COJIHCHHOH CHCTCMBI 

KoopflHHaT B HHTepBajiax Me»;/jy BBmanaMH pa3roHHBix HMnyjiBCOB Tarn; 
- BoccTaHOBJieHHe opÖHTajiBHOH opHeHTaHHH B cjiynae ee HeniTaTHOH noTepn 

HJIH njiaHOBoro HapymeHHa. 
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BfciBefleHHe cnyTHHKa «PycJiaH MM» Maccofi 620 KT ocymecTBjiaeTca PH 
«CTpejia». 

,D(aTHHKOBas annapaTypa ^Jia ynpaBJieHHa cnyTHHKOM H PB ycraHaBJiHBaeTca Ha 
CnyTHHKC 

YnpaBJieHHe CBasKoii cnyTHHKa c PB ocymecTBJiaeTca c noMombio 
Hcno^HHTejibHtix  opraHOB,  ycTaHOBJieHHbix  Ha PB,  H  C  noMomtio  flBHraTejien- 
MaXOBHKOB H 3P,ZJ, yCTaHOBJieHHBIX na cnyTHHKe. 

CpoK aKTHBHofi 3KcnjiyaTanHH cnyTHHKa lO-f-12 jieT. 
YnpaBJieHHe jjBHaceHHeM neHTpa Mace cnyTHHKa c PB H 6e3 PB 

ocymecTBJiaeTca no HH^opMannn annapaTypBi AUCH H HKY. 

3.2. ripHHnHn&i nocTpoeHHa CHCTCMM. 

CTpyKTypHO CYJ\ co/iepacHT: 
CHCTeMy opÖHTajibHOH opneHTanHH, BKjnonaioinyio KOHTypti 

acTpoHHepHHaji&HOH cHCTeMBi, KOHTyp KoppeKHHH raponpH6opa opneHTanHH no 
AaTHHKaM CojiHna H 3CMJIH H KOHTyp KoppeKHHH raponpnöopa opneHTanHH no 
aaTHHKy 3eMJin; 

CHCTeMy MaxoBHHHOH yrjioBofi CTa6njiH3aHHn c pa3rpy3Kon MaxoBHKOB c 
noMoinwo 3P/J; 

CncTeMa yraoBon CTa6njiH3anHn MoaceT TaKace paöoTaTb 6e3 MaxoBHKOB npn 
3aÄeMcTBOBaHHH TOJibKO 3PJI cnyTHHKa H ^V PB B peacnMax AeMn^npoBaiina 
yrjioBbix CKOpoereH nocne pacnenKH c PH H PB, a TaKace B peacnMe BoccTaHOBjieHHa 
opneHTanHH H B pe3epBHOM peacnMe yraoBOH CTaÖHJiH3anHH. 

B cocTaB annapaTypbi CHCTeMbi opneHTanHH BxoßaT rnponpnÖop opneHTanHH, 
acTpo^aTHHKH, ^aTHHK CojiHna, HK-BepTHKajib n UBM, KOTopaa TaKace BXOJJHT B 

cocTaB BBK. 
ripn HopManbHofi opHeHTannn cnyTHHKa Ha reocrannoHapHon opGnre 

rnponpnSop opneHTannn, KoppeKTHpyeTca CHraajiaMH HK-BepTmcanH, no KpeHy H 

TaHraacy H cnrHajiaMH ^aTHHKa Cojrana no Kypcy, oöecnenHBaa TpeöyeMyio TOHHOCTB 

opneHTanHH. 

4. EOPTOBOH BblHHCJIHTCJIbHblH KOMnJICKC. 

4.1. Ha3HaneHHe 6opTOBoro BbiHHCJiHTejibHoro KOMnneKca. 

BBK npe/nra3HaneH ana o6ecneneHHa peuieHna Bcex 3a^an, B03JiaraeMbix Ha 
EKY, ana nero ßOJiaceH o6ecneHHBaTb: 

- O6MCH HH(J)opManHeH c KHK Ha Bcex 3Tanax Ha3eMHbix oTpaöoTOK; 
- npHeM, xpaneHne n OTpaSoTKy pa6onnx nporpaMM, npnHaTbix c HKY; 
- oöecneneHHe npe^CTapTOBbix npoBepoK n ynaenca BbiBe^eHna; 
- ynpaBJieHHe öopTOsoft annapaTypon; 
- AnarHOCTHKy     cocToaHna     öopTOBOÖ     annapaTypbi     no     AaHHbiM     OT 

TejieMeTpHnecKon cncTeMbi n napaMeTpoB, nocTynaromHX B BBK; 
- opraHH3anmo ceaHca c AUCH n npneM ßaHHbix OT AUCH; 
- penieHne 3a/j;aH B KOHType cncTeMbi ynpaBJieHHa JjBHaceHHeM; 
- pacneT H npOBeaeHne HMnyjibca KoppeKHHH; 
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- Be/ieirae 6opTOBon niKajibi BpeMeHH; 
- opraHH3au;Hio ceaHCOB CBSSH C HKY; 
- npoBe^eHHe TecTHpoBaHHH COöCTBCHHOH paöoToenocoÖHoem; 
- cöpoc flHarHOCTHHecKOH HH4>opMau;HH Ha HKY nepe3 oGparabin KaHan EA- 

KHC HJIH nepe3 panHOKaHan BCC; 
- npneM c HKY HOBHX nporpaMMHbix Mo/rynen, xpaHeHHe H HcnojiHeHHe HX; 

- npoBe/teHHe CBepKH 6opTOBOH niKajiti BpeMeHH c HKY HJIH AUCH. 

4.2. XapaKTepHCTHKH BBK. 

Jinx oöecneneHHa 3aAaHHoro cpoKa aKTHBHoro eymecTBOBaHHa 10-^12 jieT BBK 
cTpoHTca no TpexKaHajiBHofi cxeMe Ha ocHOBe BbicoKOHafleacHtix nnaT aMepHKaHCKoii 
4>HpMbi OCTAGON SYSTEMS. TpeöyeMbiM TexHHnecKHM xapaKTepncTHKaM 
OTBe^aeT öopTOBoi KOHTpojiJiep pa3pa6oTKH PHHH KI1. 06maa Macca BBK (Ha 
ocHOBe SopTOBoro Kompojuiepa) 6e3 yneTa Maccsi paMti fljra 3amHTbi OT ecTecTBeHHOH 
paßHauHH 11 Kr H O6B6M 20 n. IIpH npHMeHeHHH 3an<HTHOH paMbi Macca BBK 
yBejiHHHTCK npHMepHO Ha 30%. TarroBaa nacTOTa nponeccopa 25 Mrn, noTpeöJieHHe 
BBK cocTaBJiaeT 16 BaTT. 

5. KoMaHJHO-HiMepHTCJIbHaH CHCTeMa. 

B KanecTBe BA KHC npezjnaraeTca Hcnojib30BaTb annapaTypy HapojiHo- 
xo3»HCTBeHHoro Ha3HaneHHa THna HA 907 pa3pa6oTKH PHHH KI1, r. MocKBa. 

OCHOBHbie TeXHHHeCKHe XapaKTepHCTHKH. 
1. Macca annapaTypbi HA 907 (6e3 AOY) c paMofi - 55 Kr. 
IIpH yTOHHeHHH pa3MemeHHa Ha cnyTHHKe H nocTpoeHHa ero BKY Macca 

annapaTypbi MoaceT 6BITB cnnaceHa JJ,O 50 Kr. 
B HacToamee BpeMa B PHHH Kn npOBOjraTca paöoTbi no pa3pa6oTKe öopTOBon 

annapaTypbi Ha coBpeMeHHOÄ sjieMeHTHOH 6a3e (B TOM HHCJie H c Hcnojib30BaHHeM 
3apy6eacH0H ajieMenrHOH 6a3bi). Macca BA KHC, pa3pa6oTKy KOTopoÄ 
npejinojiaraeTca 3aBepniHTb HcnbrraHHHMH onbiTHbix o6pa3noB B 1998-99 ro^ax, 6yn;eT 
cocTaBJiaTb 30-40 Kr. 

2. HHCJIO KOMaH/i; B CHCTeMe: 
HanpaaceHHa 27 B - 214; 
B BHfle KOflOBblX CHTHaJIOB - 255. 

6. CacTeMa 3jieKTponnTaimH. 

Bee cocTaBHbie nacTH C3n pa3pa6aTbiBaioTca ana ycTaHOBKH HX BHe 
repMOKOHTeÄHepa. 

no 4)yHKHHOHajibHOMy Ha3HaneHHK) C3n aeuHTca Ha oie/ryioinHe cocTaBHbie 
HacTH: 

1) GaTapea cojiHenHaa (BC); 
2) öarapea XHMHHCCKHX aKKyMyjiaTopoB (BXA); 
3) annapaTypa ynpaBJieHHa H KOHTpoJia SHeprHH (AYK3); 
4) MOKÖJioqnaa KaöejibHaa eeTb (MKC); 
5) annapaTypa ynpaBJieHHa BC 
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OcHOBH&ie napaMeipu C3II noJiyneHbi B pe3yjibTare pacneTOB ,zuia paöoTbi 4-x 

AHanH3 u;HKjiorpaMM 3Hepronoxpe6jieHHa no3BOJiaeT Bbi/jejiHTb TpH 
xapaKTepHtix ypoBHa: 

l)3HepronoTpe6jreHHe BKY npn npe^cTapTOBOH no^roTOBKe H Ha ynacTice 
BMBe^eHH» Ha onopHyio op6HTy B TeneHHe 2 nacoB - 160 BT; 

2) 3HepronoTpe6neHHe Ha nepexo^Hbix opönrax B TeneHHe 145 cyTOK- 
2840 BT; 

3) 3HepronoTpe6jieHHe Ha TCO (ranoBbie cyrrai): 
nocToaHHoe Ha ocBemeHHbix ynacTicax op6nTbi - 1110 BT, 

nocTOAHHoe Ha TCHeBbix ynacTKax opÖHTti - 900 BT, 

AonojiHHTejibHoe - BKJHOHeHHe o/nroro 3PJI TOJIBKO Ha ocBemeHHbix 
ynacTKax opÖHTti c MOIHHOCTBIO noTpeÖJieHHa 670 BT ppa pa3a B cyTKH no 
70 MHHyr Ka^Cfloe. 

Bca KoonepanHK co3#aHHa C3II Ha HIIO MauiHHOCTpoeHHa cjio)KHJiacb B 

OCHOBHOM c Hanana co3£aHHa HC3 "AjTMa?", H HMeeT ontrr co3ÄaHHa C3II jsm 
flpyrnx KOCMHHCCKHX CHCTCM. 

7. PailOHHblH 6.1 OK 

PaKeTHbffl ^BHraTenb TBepjjoro xonjiHBa npepjna3Ba.HQn /yia Hcnojn>30BaHHa B 

KanecTBe pa3roHHoro 6noica #jia Bbmo^a Ha OKOJio3eMHyio op6nTy cnyTHHKOB CBH3H. 

TexHHHecKHe perneHHa, HcnoJib3yeMbie B KOHCxpyKTHBHO-KOMnoHOBOHHOH 
cxeivte ^BHraTejiH, nponuiH nojiHbiä OöBCM Ha3eMHbrx H JieTHbix HcnbiTaHHfi. 

KoHCTpyKTHBHo-KOMnoHOBOHHa« cxeMa ^BHraTenefi (pnc. 7.1) BKJHonaeT: 
-Kopnyc H3 opraHonjiacTHKa c sajiHBHbiM 3apaßOM TBep^oro TonjiHBa MapKH 

Hiyn Kjiacca 6e3onacHOCTH 1.3; 
-CHCTeivty 3anycKa H npe^oxpaHeHHa OT HecaHKHHOHHpoBaHHoro 3anycKa ; 
-CTauHOHapHoe conno, oSecneHHBaiomee BMCOKHH yziejibHbiH HMnynbc npn 

OTHOCHTejibHofi CTeneHH pacuiHpeHHH da/dKp= 8. 
KpenjieHHe OT^ejiaeMbix 6JIOKOB ocymecTBJieHO nnpoöoJiTaMH, 

HCKJiioHaiomHMH Bbiöpoc ocKOJiKOB H ra30B npn Hx cpa6aTbiBaHHH. Macca KaacAoro 
nHpo6ojiTa ~0,5 KT. 

Kaac^biii jjBHraTejib nocjie ycTaHOBKH H HempoBKH H3Aejina B HCFIOM HMeeT 
B03MOÄHocTb ocyinecTBJiaTb HaBO^Ky BeKTOpa Tarn B neHTp Mace. 

OcHOBHbie xapaKTepHCTHKH H raöapHTHbie pa3Mepbi ßBHraTejra npe/icTaBjieHbi 
Hapnc. 14.1. 

IlpeanonaraeMaa Koonepanna pa3pa6oTHHKOB H H3roTOBHTejiefi:: 
- Kopnyca P^TT c conjioM - HFIO «HcKpa»; 
- nnpoGojiTbi - HIIO ManiHHOCTpoeHHa; 
- 3apa^bi  H  BOcnnaMeHHTejiH - <De#epajibHbiH  ueHrp  /jBOÄHbix  TexHOJiorHft 

«COK)3». 

8. KoonepauHH OCHOBHMX HcnojiHUTcnteH 

B pa3pa6oTKe CHCTCM H arperaTOB MKA npHHHMaitH ynacrae paa Be/iymHX 
npe^npHaTHH: HHH 3jieKTpoMexaHHKH», HKH, HIIO «Oaiceji», PHHH KYL, 
HIIO «HcKpa» (r. riepMb), HMeiomtie OOJIBIHOH onbiT H 3azjeji no co3flaHHio H3,a;ejiHH 
AJia KOCMHHeCKOH TeXHHKH. 
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Introduction 

The following materials present the results of the work on defining basic characteristics 
of a small communication spacecraft Ruslan-MM. 

1. Small communication spacecraft (SSQ 

1.1. Composition of the spacecraft. 

The satellite includes: 

- a body 
- an onboard communication system (OBCS) 
- an onboard control complex (OBCC) 
- a propulsion plant (PP) 
- a power supply system 
- a thermal control system (TCS). 

The onboard control complex includes the following systems: 

- an onboard computer complex (OCC) 
- a motion control system (MCS) 
- onboard equipment of the comand and measuring system (OBE CMS) 
- a telemetry system 
- satellite navigation user equipment (SNUE) 
- onboard automatics equipment. 

A specific feature of the satellite is the propulsion plant based on the use of electric 
rocket engines (ERE) and xenon as a working medium. The power supply systems 
serves as a source of energy to ERE. 

ERE are characterized by a high specific impulse (~ 1,500 s) and small mass. The thrust 
of ERE M-70 (Fakel Design Bureau) is 4 grams. 
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The propulsion plant is used for imparting additional acceleration in order to put the 
satellite to the geostationary orbit (GSO), to correct its position in the orbital slot and to 
control its attitude. 

The power supply system includes: 

- a solar panel/battery 
- a Ni-H chemical storage battery 
- control relays. 

The solar panels are fitted out with silicon-based photovoltaics. 

The thermal control system uses heat pipes. 

1.2. SSC design. 

Structurally, the satellites are divided into two parts: a universal space platform (USP) 
with service systems, and a replaceable payload module (onboard communication 
system). 

The communication satellite has a shape close to that of a cube. A body presenting a 
truss structure is a basis of the satellite. A large-diameter tube that serves as a body for 
the instrument compartment is located in the center of the body. Besides that, the tube 
houses a xenon tank that forms part of the propulsion plant. The onboard system 
elements are mounted on the outer surface of the satellite. 

Removable panel assemblies with onboard repeater equipment are mounted on the 
"southern" and "nothern" faces of the body (face names are related to their otientation 
during a standard flight on GSO). Solar panels of the power supply system are located 
on the outer surface of these panel assemblies. The panels are provided with radiation 
heat exchangers (RHE) of the satellite's thermal control system. The C-band receiver 
and transmitter are located respectively on the "eastern" and "western" faces. 

The IR vertical, the star-tracking sensor and the solar sensor that form part of the motion 
control system, antennas of the repeater and the Ku-band beacon, satellite navigation 
user equipment, a part of antenna arrays of the onboard equipment of the command and 
measuring system (OBE CMS) are located on the "earth" face. Two wide-beam OBE 
CMS antenna arrays are located on the "anti-earth" face. 

A general view of the satellite is shown in Fig. 1.1. 

1.3. Basic SSC specifications. 

Basic data of the onboard repeaters of three Ruslan-MM satellites (taken together) are 
given in Table 1.1. Basic data on the satellite itself are given in Table 1.2. The satellite 
mass budget is given in Table 1.3. 
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Table 1.1. 
Specification Repeater 

C-band Ku-band 
Number of transponders 14 22 
TWT power, W 15 20 
Number of channels (64 Kbit/s) 8,960 14,080 
Mass of OBCS (with antenna arrays) 125.0 
Power consumption, W*; 

950 
*' For one satellite 

Table 1.2 
Specification Value 

Satellite mass on the transfer orbit, kg 620 
Satellite mass on GSO, kg 520 
Payload mass, kg 125 
Power of the power supply system during operation 
of the propulsion plant with ERE on the transfer 
orbit, W 

3,250 

Time required to put the satellite onto GSO, days 145 
Accuracy of maintaining orbit parameters in 
latitude and longitude 

±0.1° 

Orientation and stabilization accuracy in three axes ±0.1° 
Lifetime 10 years 
Operational orbit geostationary 
Launch vehicle Strela + boost stage 

Table 1.3 
Description Mass, kg 

Satellite on the transfer orbit 620 
Satellite on GSO 520 
Onboard communication system 125 
Thermal control system 80 
Onboard control complex 100 
Dry propulsion plant 75 
Power supply system 110 
Onboard cable network 10 
Xenon including xenon for orbit correction 120 

20 
Fully assembled satellite without xenon 500 

In order to implement the above satellite specifications, it is necessary: 
- to use modern equipment and structural elements 
- to use spin stabilization during operation of the boost stage which will allow to 
exclude a swivel nozzle, an onboard power source, actuators, thus considerably reducing 
the stage mass. 
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1.4. Putting SSC onto the geostationary orbit. 

Putting the communication satellite (Ruslan-MM) onto the geostationary orbit from the 
Svobodny Cosmodrome by the Strela launch vehicle being created on the basis of the 
RS-18 ballistic missile consists of the following phases: 

- a phase of operation of the 1st and the 2nd stage PP and autonomous instrument unit 
PP which enables putting a cluster of the satellite and the boost stage (BS) to a reference 
orbit. Strela LV lifting capacity allows to put a cluster of the satellite and BS having a 
mass of 2,100 kg to a circular reference orbit with an altitude of 170 km and inclination 
of 52°; 
- a phase of a stabilized passive flight of the cluster on the reference orbit till its crossing 
with the equatorial plane, preferably during the second crossing on the ascent leg; 

- a phase of satellite transition to a highly elliptical transfer orbit with the following 
parameters: 

H„= 170 km 
H«= 100,000 km 
i = 52° 

The perigee and apogee points of the transfer orbit lie in the points of its crossing with 
the equatorial plane. 

Transition of the satellite to a highly elliptical transfer orbit is performed by the solid- 
propellant boost stage. Its engine imparts velocity acceleration 2,909 m/s (from 
7,806 m/s to 10,715 m/s), which corresponds to the velocity in perigee of the preset 
highly elliptical transfer orbit. After the boost stage PP is shut off, the satellite separates 
from the boost stage and starts its motion along the transfer orbit. The satellite mass at 
this moment is 620 kg. The satellite includes an electric rocket propulsion plant (ERPP) 
needed for transition from the highly elliptical transfer orbit to the geostationary orbit. 
The amount of xenon for ERPP is 100 kg. The electric rocket propulsion plant includes 
four simultaneously operating EREs M70 with a thrust of each equal to 0.004 kg and 
Rspec-1,510 s. 

The following sequence of the phases for transition of the satellite from a reference orbit 
to GSO is proposed: 

Step 1: Increase of perigee to a value where a flight of the satellite with operating ERPP 
is possible. Two revolutions are allocated to this phase. ERPP is ignited for boosting, at 
phases where efficiency of the perigee increase is not less than 60-70. At the end of the 
second revolution the perigee altitude, of the transfer orbit will be 1,000 km (Fig. 1.2). 

Step 2: Turn of the orbit plane with initial inclination of 52° until it coincides with the 
equatorial plane (i=0°). At this step, ERPP thrust is directed normal to the transfer orbit 
plane in the direction that dicreases orbit inclination. It has been calculated that, from 
the point of view of energy consumption, it is preferable to ignite ERPP in the range of 
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± 3 0° of the true anomaly with respect to the apogee point (S = 150° -5- 210°). The 
second step will be completed in 29 revolutions of the satellite. 

Step 3: Simultaneous increase of perigee altitude and decrease of apogee altitude to 
GSO altitude, i.e. satellite transition to GSO. To solve this task, ERPP will be ignited to 
boost the satellite in the vicinity of apogee and to decelerate it in the vicinity of perigee. 
Duration of the phases where ERPP will operate is determined by the efficiency of orbit 
parameters change. 

The following ranges of efficiency coefficients were considered in the process of 
solving the task of optimizing ERPP control: 

- a coefficient of perigee altitude increase from 60% to 90%, 
- a coefficient of apogee altitude decrease from 60% to 80%. 
It will take 145 days to transfer the satellite from the initial highily elliptical transfer 
orbit to GSO. 

With more economical consumption of xenon, transfer time will increase. Economy of 
1 kg of xenon corresponds to increase of transfer time by 3 to 4 days. 

2. Propulsion plant 

The propulsion plant is designed to transfer the Ruslan-MM satellite from an interim to 
the geostationary orbit, to stabilize it in the process of transfer and to correct the satellite 
orbit in the process of its functioning. 

The propulsion plant has eight M70 stationary plasma engines designed at the Fakel 
Design Bureau. 

The main requirement to the propulsion plant is functioning time that sould be not less 
than 10 years which corresponds, for the propulsion plant under consideration, to the 
lifetime of one engine from 3,900 to 4,100 hours and about 4,500 ignitions. 

According to the data of the Research Inctitute of Applied Mechanics and 
Electrodynamics of the Moscow State Aviation Institute disclosed at the meeting of the 
problems council No.5 on March 20, 1997, currently the M70 engine has a lifetime of 
5,000 hours and 6,000 ignitions. 

The M70 engines are mounted on turnable platforms. The turn of the engines ensures 
satellite stabilization and orientation during their operation both at the phase of transfer 
from the interim orbit to GSO and on the working orbit. 

According to the data presented by Fakel, M70 engines have undergone a full cycle of 
tests and since 1982, they have been used on different satellites. Currently, they are 
planned to be used on such satellites as Sever (developed by NPO of Applied 
Mechanics) and Yamal-100 and Yamal-200 (developed by the Russian Space 
Corporation Energia). 
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3. Motion control system 

3.1. Designation and basic requirements. 

The motion control system (MCS) is designed to control the motion of the satellite with 
the boost stage on the reference orbit and to control its motion on transfer orbits and on 
the geostationary orbit. 

MCS must provide: 

- damping of angular velocities of the satellite with, and without the boost stage (BS); 

- orientation and angular stabilization of the satellite relative to the required coordinate 
system with an error (3a) not more than: 

6 angular minutes for the satellite with respect to the orbital coordinate system 
(OCS) on the geostationary orbit; 

15 angular minutes for the satellie with or without BS on the reference and transfer 
orbits with respect to OCS with consideration to programmed angles during generation 
of acceleration thrust impulses; 

60 angular minutes for the satellite with respect to OCS or the solar coordinate 
system in the intervals between generation of acceleration thrust impulses; 

- restoration of the orbital orientation in the event of its non-standard loss or planned 
violation. 

The Ruslan-MM satellite with a mass of 620 kg will be launched by Strela LV. 

Sensors required to control the satellite and BS are mounted on the satellite. 

The cluster of the satellite and BS is controlled by actuators mounted on BS and by 
flywheel engines and ERE mounted on the satellite. 

The satellite lifetime is 10 H-12 years. 

Control of the satellite center of masses mtion with or without BS is performed based 
upon information from the satellite navigation user equipment and ground control 
complex. 

3.2. Principles of the system building. 

Structurally MCS includes: 

- an orbital orientation system that includes loops of the astroinertial system, a loop of 
correction of the gyro device of orientation by sensors of the Sun and the Earth, and a 
loop of correction of the g}TO device of orientation by the sensor of the Earth; 

- a flywheel angular stabilization system with flywheel unloading with the help of ERE. 
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The angular stabilization system can also function without flywheels using only the 
satellie ERE and BS PP in the modes of damping of angular velocities after separation 
from the LV and BS as well as in the mode of restoration of orientation and in the 
standby mode of angular stabiliszation. 

The set of equipment of the orientation system includes a gyro device of orientation, 
star-tracking sensors, a sun sensor, an IR vertical and a computer that also forms part of 
the onboard computer complex. 

With normal orientation of the satellite on the geostationary orbit, the gyro device of 
orientation is corrected in roll and in pitch by signals from the IR vertical and in course 
by signals from the sun sensor, thus providing required orientation accuracy. 

4. Onboard computer complex 

4.1. Designation of the onboard computer complex. 

OCC is designed for helping the onboard control complex in solution of its tasks. To do 
that, it must provide: 
- data exchange with the command and measurement complex (CMC) at all phases of 
ground tests and checks; 
- reception, storage and execution of working programs received from the ground 
control complex (GCC); 
- pre-launch checkouts and the boost phase; 
- control of the onboard instruments/equipment; 
- diagnostics of the onboard equipment/instruments state by the data from the telemetry 
system and parameters corning into OBCC; 
- organization of a communication session with the satellite navigation user equipment 
(SNUE) and data reception from SNUE; 
- calculation and execution of the correction impulse; 
- keeping the onboard time; 
- organization of communication sessions with GCC; 
- self-testing; 
- downlinking giagnostic data to GCC through the return channel of the onboard 
equipment of the command and measuring system (OBE CMS) or through the radio 
channel of the onboard communication system (OBCS); 
- reception from GCC of new program modules, their storage and execution; 
- checking the onboard time with GCC or SNUE. 

4.2. OBCC characteristics. 

In order to ensure its lifetime of 10 ■*- 12 years, OBCC is built using a three-channel 
scheme on the basis of highly reliable boards manufactured by OCTAGON SYSTEMS. 
The onboard controller developed by RNII KP meets the required specifications. The 
total mass of OBCC (on the basis of the onboard controller) without the mass of the 
frame for protection agains natural radiation is 11 kg and the volume is 20 1. If a 
protective frame is used, the OBCC mass will increase by about 30%. The processor 
clock frequency is 25 MHz, its power consumption is 16 W. 
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5. Command and measurement system 

It is proposed to use general purpose equipment of the type LJA 907 developed by RNII 
KP, Moscow as OBE CMS. 

Basic specifications. 

1. Mass of IJ,A 907 equipment (without an antenna feeder device) with a frame is 55 kg. 

In finalizing arrangement of OBE CMS on the satellite and building its OBCC, the 
equipment mass can be brought down to to 50 kg. 

Currently, RNII KP is developing onboard equipment using modern components 
(foreign chips). The development phase and tests are planned to be completed 
in 1998-99. OBE CMS mass will be 30-40 kg. 

2. Number of commands in the system: 

- in the form of 27V voltage - 214; 
- in the form of coded signals - 255. 

6. Power supply system. 

All PSS component parts are developed to be mountedoutside the pressurized container. 

Functionally, PSS is divided into the following basic parts: 

1) a solar panel (SP); 
2) a chemical storage battery; 
3) power control equipment; 
4) inter-unit cable network; 
5) SP control equipment 

Basic PSS parameters have been obtained as a result of calculations for operation of 
four ERE. 

Analysis of consumption cyclograms allows to identify three characteristic levels: 

1) OBCC power consumption during pre-launch preparation and boost phase during two 
hours - 160 W; 

2) power consumption on transfer orbits during 145 days - 2,840 W; 

3) power consumption on GSO (a typical day): 

- constant consumption on illuminated parts of the orbit - 1.110 W, 
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- constant consumption on shaded parts of the orbit - 900 W, 
- additional consumption, i.e. ignition of one ERE, only on illuminated parts of the orbit 
with power consumption 670 W twice a day, 70 minutes each time. 

The subcontractor network for PSS creation basically was formed when the Almaz 
program started, and it has experience in PSS creation for other space systems. 

7. Boost stage 

A solid-propellant rocket motor (SPRM) used as a boost stage to put communication 
satellites to the Earth orbit. 

Technical solutions used in the motor design and configuration have been fully ground 
and flight tested. 

The design and configuration schematic of the motor includes: 

- a body made of organoplastic with a solid-propellant charge, brand N1UP, safety class 
1.3, poured into it; 
- a system of ignition and prevention of non-authorized ignition; 
- a stationary nozzle that provides high specific impulse with relative degree of 
expansion da/dcr = 8. 

Separatable units are fixed by pyro bolts (four bolts ) that contain fragments and gases 
after actuation. The mass of each pyro bolt is ~ 0.5 kg. 
Each motor has, after mounting and satellite centering, a possibility of directing the 
thrust vector into the center of masses. 

Basic specifications and dimensions of the motor are given in Fig. 14.1. 

The proposed subcontractors include, in particular: 

- SPRM bodies with a nozzle - NPO Iskra; 
- pyro bolts - NPO Mashinostroyenia; 
- charges and igniters - Federal Center of Dual-Purpose Technologies "Soyuz". 

8. Main subcontractors 

A number of leading enterprises took part in development of SSC systems and 
assemblies: Research Institute of Electromechanics, Institute of Space Research (IKI), 
NPO Fakel, RNII KP, NPO Iskra of Perm that have big experience and technological 
heritage in creation of spacecraft and their components. 
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AHAJIH3 HH3KOOPEHTAJIBHMX CHCTEM llEPCOHAJIBHOH 

CnyTHHKOBOH CBH3H, COAEPSKALIJHX PA3JIH1[fflME THIIM 

PETPAHCJMTOPOB 

T.M.Ty30B 

LJHHHMaiu 

141070, r.KoponeB, MocKOBCKaa o6nacxt, 

yji. ÜHOHepcKaH, A.4; TOT. (095) 513-44-42. 

OaKc: (095) 251-14-96 

BßeAeHne. HaHanbHbM 9Tan pa3BHTHfl HH3KOop6HTaiibHbix CHCTCM nepcoHajib- 

HOH cnyTHHKOBofi CBH3H (HCITCC) 3aBepniaeTCH pa3BepTbmaHneM flpyx nepBbix CH- 

CTeM - "Iridium" H "Globalstar". 3TO coöbirae 3acTaBJiaeT nepeocMbicjiHTb nepcneK- 

THBbi co3^aHHa HOBbix cwcTeM no#o6Horo KJiacca. npe^CTaBJifleTCH, mo KOHKypen - 

TocnocoÖHOCTb HCnCC, cos^aBaeMbix B no3#HHe cpoKH, Moncer 6biTb .nocrarHyTa 

TOJibKO 3a CH6T 6ojiee BMCOKHX noTpeÖHTeoibCKHX KanecxB H BMCOKOö peHTaöejib- 

HOCTH, HTO öyneT flocrarHyTO B pe3ynbTaTe BHe^peHHH opHrHHanbHbix TexHOJioraii H 

HOBWX HayHHO-xexHHHecKHX H^eö H npHHHHnoB (HOY-XAY). IiOHHMaa STO, MM 3a 

nocjie^HHe ro^bi nonyrajiH nexbipe POCCHHCKHX naTeHTa, EßponaTeHT H naTeHT 

CIHA, KOTOpbie 6binH ynocToeHbi #Byx SOJIOTHX Me^anen Ha EproccejibCKoß BbicraB- 

Ke Jiy«HUHX H3o6peTeHHH MHpa. 

LJenbio ^OKJia^a Gy^eT conocTaBJieHHe no noMexoycTOH4HBOCTH H Heoöxo^H- 

MOMy ypoBHio MomHocTH nepe,n;aTHHKa a6oHeHTCKoro TepMHHana (AT), onpeflejijno- 

mero SKonorHHecKyio 6e3onacHocib aöoHeHTOB, .apyx BapnaHTOB HCFICC, Hcnojib- 

3yiomHX pa3Hbie mnw peTpaHCJiflTOpOB (PTP): 

• npo3pa«mbiH PTP (npOToran CHCTCMM "Globalstar"); 

• PTP c CHHXpOHHofi oöpaöoTKOH Ha 6opTy cHrHanoB OT Bcex AT (npoTomn 

CHCTeMbi, peanH30BaHH0H no naTeHTaM). 

B 3THX BapnaHTax HCTICC Hcnonb3yeTCfl KO^OBoe yiuiOTHeHHe, HTO oöecnenn- 

BaeT a^SKBaTHOCTb cpaBHeHHa. OcTaHOBHMca Ha Hanöojiee 3(J)cf)eKTHBHbix BH^ax no- 

Mex. fliw HCTICC c np03paHHbiM perpaHCJüiTopoM Ha HHTepMO^yjiHHHOHHbix (HM) 

noMexax, B03HHKaiomHX na HejTHHefiHOCTflx peTpaHCJiHTOpa, a pa HCTICC c o6pa- 



6OTKOH CHTHairoB Ha 6opTy -  Ha uiyMOBbix noiviexax, yHHTbrnaa JiHHeHHOCTb ipaKTa 

o6pa6oiKH CHrHanoB B AHana3one (40+60) p]E>. 

Pe3yjibTaTti aHajima.   fljui CHCTCM C npo3pa«mbiM PTP 3anHiueM nponecc Ha 

Bxo^e PTP (pwc. 1) 

S(t) = Sk(t) + Sj(t) + Sn(t) + ni(t), (i) 

r#e: Sk(t) - nojieiHLiö cnrHan k - ro aöoHeHTa; 
Sj(t) - aKTHBHaa noMexa; 

N 
Sn(t)=    SSj(t) - Bee CHrHajibi aöoHeHTOB CBJOH, Kpoivie k-ro; 

i=l , 
l * k 

n j (t) - (JjjnoKTyanHOHHbiH uiyM. 

B pe3yjHjTaTe cjio>KHbix npeo6pa30BaHHH 3anHiueM OKOHnaTenbHoe BbipaaceHHe 

Ära BepoaTHOCTH OUIHSKH Ha ojijm 6HT MH^opMauHH (BOB) [1] 

1 * 
71 o 

\ 1/2 

v3; 
[l-Ip x cxcosy] MY (2) 

r^e: Es -  3Hepraa Ha 6HT;      Ip = Aj I Ak   - oraoiiieHHe aMnjiHTya; Hanöonee 

cHJibHoö MM cocTaBJiHiomeH H k-ro cHiHajia Ha Bbixo^e PTP, v3- SKBHBajieHTHbifi 

uiyM; 

a = sinD.Tc/ QTC;   Q. = f2j - Ok; Tc - ;mHTejibHOCTb CHMBOJia HH(j)opMaHHH, <T2j, f2k - 
nacTOTbi noMexH H k-ro CHrHana. 

(D(x) = [l/(2p)1/2]fexp[-y2/2]dy 

Ha pwc. 2 nocipoeHbi 3aBHCHMOcTH   Pe   = f (Aj / Ak )2  AJKI HecKoubKHx 3HaHeHHÖ 

q = E5/ve, 

H3 paccMOTpeHHH KOTOpbix cjiejjyerr, *ITO npH Ip > (0,2+0,5) KanecTBO Bbi^ejieHHa 

HHcj>opMaHHH pe3KO yxyiniiaeTCfl, He3aBHCHMO OT incjia aneMeHTOB KO^OBOH nocne- 

^oBaTejibHocTH (HUH 6a3bi B=2FT CHinana). 

y>Ke npn (Pj / Pk ) > 9 #E .      BOB na^aeT#o Pe   > (102 -=- 10 -1),  ^TO CBUjxe- 

TejibCTByeT o npaKTH^ecKH nonHOM no^aBJieHHH HH({)opMaHHOHHoro KaHajia. 



p p A HIn An nip uiK 

Pi    -H. PexpaHCJiHTop k-TbIH 

npHCMHHK 

PHC. 1 

1(F 

10-3 

10-5 

10-7 

PHC. 2 



OßHäKO  B03M05KHO   (|)OpMHpOBaHHe     eiue  ÖOJiee  3HepreTHHeCKH  3(j)(})eKTHBHbIX 

npepfaiBHCTbix HM noMex, KOTopbie nenecoo6pa3HO npHMeHHTb KaK pa nojißBJiemin 

OflHHOHHblX KaHaJIOB, T3K H BCeX KaHaJIOB, pa3MemeHHbIX B CTBOJie PTP. TaK, B CTBO- 

jie PTP CHCTeMbi "Globalstar" MoxeT öbiib pa3MemeHO OT 20 #0 57 KaHaJIOB. 

Cpe^HJia BepOHTHOCTb OUIMöKH na 6HT (CBOB) 6y#eT paBHa 

Q 

l» 
1--JF 

7t • 

2E. 

V ve 

y« 
a cos (3) 

r#e Q - CKBa^CHOCTb npepbiBHCTofi noMexH. 

OriTHMajibHoe 3HaqeHHe cKBaxHoera noMex paBHO 

QonT= 0,03(13^/^), (4) 

r#e Pjcp - cpe^Hfla MOiuHOCTb noMexH. 

Ha pHC.3 npHBe^eHbi 3aBHCHMOcra, xapaKTeproyiomHe noMexoycroHHHBocTb 

KaHana (KaHajiOB) npn npepMBMCTbix HM noMexax. 

3HepreTH«iecKHH BbiHrpbiiii npepbiBHCTOH HM noMexH oTHOCHTejibHO Henpe- 

pbiBHoro aHanH3a MteHaeTca B ,zpiana30He (10-^40) pa3. 

O^HaKO npoBe,n;eHHbiH aHajm3 He 3aTparHBan BJiHimna HM noMex Ha KaHan 

CHHxpoHH3anHH , HTO o6T>acHJieTca TpyÄHOCTflMH nonyieHHH aHajiHTHHecKHX pe3yjib- 

TaTOB B 3aMKHyToö <}>opMe. HaMH 6biira npoBe^eHbi 6ojibuiHe SKcnepHMeHTajibHbie 

HCCIie^OBaHHa,   KOTOpbie   CBH^eTeJIbCTByiOT   06   HCKJHOHMTeJIbHO   CHJIbHOM   BJIHflHHM 

HM noMex Ha KanecxBO paöoTbi KaHanoB CHHXpOHH3aHHH, BKjnoiaa noimyio noTepio 

CHHXpOHH3aUHH, KOr^a   Pe « 0,5. nOSTOMy npOBeffeHHblH aHajIHTHHeCKHH aHaJIH3 Bbl- 

HBHJi jiHUib HHacHioio rpaHHqy 9^)(J)eKTHBHOCTH HM noMex (HJIH BepXHioio rpaHHuy 

noMexoycTOHHHBOCTH nepeffann). 

Ba)KHOH xapaKTepHCTHKofi HCnCC HBJiaeTca Heo6xo#HMbrä ypoBeHb Mom- 

HOCTH, H3JiyHaeMbiH nepeAaTHHKaMH AT. npH Majibix 3naiieHHHX BOB nponycKHaa 

cnoco6HOCTb HCnCC c o6pa6oTKofi CHTHajioB Ha 6opTy H C np03paHHbiM PTP öyzryr 

paBHbi 

Nmax = B/q 

N= Nmax- PuiKAvc/Pcn- Pmp rWJrcic 

(5) 
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r^e Kc-K03(j)4)HijHeHTnepepacnpe#eneHHfl MOIHHOCTH cnrHajia Ha HennHeHHOCTH 

PTP, 

PCK - MOiuHOCTb CHraajxa K-ro KaHana. 

H3 (5) npH PUIK = Pmp nojiyHHM 

P CK ~ Pure/ N max ,    PCK — 2 PUIK K-C/ (IN max -IN) 

B    pe3ynbTaTe OTHOuieHwe MOIUHOCTCH nepe^aTHHKOB AT ppyx paccMaTpw- 

BaeMfcix CHCTeM 3anniueM B BH,a,e: 

PcK/P'cK=2Kc/(l-N/Nmax) (6) 

npHHHB (Kax B CHCTCMe "Globalstar") N/Nmax= (0,5-5-0,6), Kc= 2, nojryHHM 

PCK/P'CK^ (8-V-12), HTO CBHffeTentCTByeT O B03MO>KHOCTaX 3HaHHTeJIbHOrO CHHXe- 

HHH MOIUHOCTH nepe,naTHHKa AT B HCnCC c o6pa6oTKofi CHrHanoB Ha 6opTy PTP. 

3aKJiio»ieHHe. TaKHM o6pa30M noKa3aHO, HTO pa6oTa KaHajioB CHCTeMbi CBHSH C 

npo3paHHbiM peTpaHCJiHTOpOM MOJKeT 6biib HapymeHa npe,n;HaMepeHHbiMH HHTepMO- 

AyiwHHOHHbiMH noMexaMH, ypOBeHb KOTopbix coH3MepHM c MOiHHocTbio noxre3Hbix 

CHTHanoB. TaKwe noMex« JIJW. KOMMepnecKHX CHCTCM nepcoHanbHoii CBA3H npe^CTaB- 

JBHOT 6ojibuiyK) onacHOCTb H CKaacyxcH Ha HX yHHBepcajibHOCTH. 3HaHHMoerb TaKHX 

noMex oöbHCHaeTca TeM, HTO B pyicax y HacejieHHH 6y#eT Haxo^HTbca orpoMHoe HHC- 

JIO aöoHeHTCKHX TepMHHanoB (AT), pa6oTaiomHX c MajioMomHbiMH nepe^aTqHKaMH 

Ha cjiaöo HanpaBJieHHbie aHTenHbi. He HCKOTOHCHO, ITO nepejjaTHHKH TaKHX noMex 

MoryT CTpoHTbca c HcnojibSOBaHHeM AT HJIH HX npocTeoiiiHx MO,n;H4)HKaHHH(HMeeT 

MecTO aHanorHH: uiHpoKO pacnpocTpaHeHHoe JiHHHoe opyxne npHMeHaeTca He xojib- 

KO Ana 3amHTbi HejiOBeKa, HO H B KpHMHHajibHbix nejiax). Ii03TOMy #JIH CHCTeM nep- 

coHaubHoö  CBH3H  npo6jieMa  noMexoycTOHHHBOCTH  npeoöpeTaeT oco6yio  3HaHH- 

MOCTb. 

J\TW TaKHX CHCTeM aKTyajibHbi 94)cJ)eKTHBHbie peiueHHH, HanpaBJieHHbie Ha o6ec- 

ne«ieHHe rapaHTHpOBaHHOH (Ha ocHOBe TpeöoBaHHH noTpeOHTejien) noMexoycTOHHH- 



BOOTH oTHOCHTejibHo KaHajibHbix H npe,nHaMepeHHbix noMex. Kap^HHanbHoe peiue- 

HHe 3TOH npo6neMM BO3M05KHO TOJIMCO npw KOMiuieKCHoii onTHMH3ainiH Bcero TpaK- 

Ta nepe^aHH HH^opMauHH npH OCO6OM BHHMaHHH K peTpaHcnaTOpy. 3TO o6bflCHaeT- 

ca TeM, MTO, BO-nepBbix, HMCHHO Ha peTpaHCJiaTOpe cyMMHpyiOTca Bee cnrHajibi CH- 

CTeMbl CBA3H;    a, BO-BTOpbIX, CJI05KHOCTI.K) OCymeCTBJieHHfl OIITHMaJIbHOH OÖpaÖOTKH 

orpoMHbix noTOKOB cwrHaJiOB Ha cnyranKax. 

TeM He MeHee HaM y^ajiocb Hafim opHrHHanbHbie TexHOJioraiecKHe peiueHHfl, 

o6ecneHHBaioinHe onTHMajibHyio o6pa6oTKy 6onbiiioro *iHCJia cwrHajiOB c KO#oBbiM 

ynnoTHeHHeM 6e3 cymecxBeHHoro ycjioxHeHHfl peipaHCJiflTopa, npwopHTeT KOTopbix 

3aKpenjieH naTeHTaMH. 

CncTeMbi nepcoHanbHofi cnyTHHKOBofi CBJBH C o6pa6oiKOH cHraajiOB Ha 6opTy 

peTpaHCiwTOpa o6ecneHHBaio r npe^enbHbiH ypOBeHb noMexoycTOHHHBOcra, 6JIH3- 

KHH K 6a3e B=2FT Hcnonb3yeMbix cnrHajioB. 

06pa6oxKa CHTHajiOB Ha 6opTy peTpaHCJMTOpa no cpaBHeHHio c Hcnom»30BaHH- 

eM npo3panHoro peTpaecjiaTOpa oöecneiHBaeT TaK>Ke yivieHbuieHHe MomHocra nepe- 

flaTHHKa aÖOHeHTCKoro xepMHHana ( a, cne^oBaTejibHO, noBbiuieHHe SKOJiorHHecKofi 

3amnm;eHHOCTH a6oHeHTOB) B (8-7-13) pas. 

JlHTepaTypa: 

1. AffpecHbie cHCTeMbi ynpaßneHHH H CBA3H. Bonpocw onTHMraainiH / 

r.M.Ty30B, lO.O.ypH^HHKOB, B.H.npbmcoB H #p.; noÄpe^. r.M.Ty30Ba. - M.: Pa- 

£HOHCBH3b, 1993. -384. 
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Introduction. The initial stage of developing low-orbit personal satellite 
communication systems (LOPSCS) is being completed by deployment of the two 
first systems Iridium and Globalstar. This event forces us to reconsider prospects 
of creating new systems of a similar class. The late LOPSCS projects' 
competitiveness seems to be achieved at the expense of better consumer qualities 
and profitability based on novel technological and scientific/technical principles 
(«know how»). The undertaken studies justified such novel solutions. They were 
described and validated in four Russian patents, European and U.S. patents. The 
Brussels-Eurica-96 International Best Inventions Salon awarded those patents 
with two Gold Medals. 

The purpose of the report is to provide an comparison of two versions of 
LOPSCS design using different types of transponders: 

• a transparent transponder (prototype of GLOBALSTAR system) 
• an onboard signal processing transponder providing an sinchronous 

processing of signals from all user terminals (prototype of the communication 
system based on the above patents). 

Code division is used in each of these versions ensuring an adequate 
comparison. The most effective types of interferences will be considered such as 
intermodulation interferences in a transparent transponder due to its nonlinear 
amplitude-amplitude and phase-amplitude characteristics and noise interferences 
in a signal processing onboard transponder taking into account that signal 
passage channels may be linear within a range of 40 to 60 dB. 

The results of the analysis. 

For the onboard signal processing communication system let us write down 
the input effect in the form of (Fig. 1): 

S(t) = Sk(t) + Sj(t)+Sn(t) + ni(t), (1) 

where: Sk (t) - a desired signal from k-user; Sj (t) - an active interference; 
N 

Sn (t) =   ZSj (t) - signals from other users of the communication system 
i=1, 

excluding k-user; n; (t) - fluctuation noise. 
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Having the results of a number of complex transformations let us 
ultimately write an expression for an error probability per one bit of information 
(EPB) [1]: 

[l-Inacosy][dy , (2) 
1    7C , 

-fo 
71 0 V   V, 

where:    E, Aft, energy per a digital symbol (or a bit) of information; 

In=(Aj/Ak) - ratio of amplitudes, the most powerful 

intermodulation interference and k-signal; v9- equivalent noise; 
a=sinQTc/OTc; 

Q = Qj - Hk; Tc - transmission time of one information symbol, Qit Qk 

- interference and k-signal frequencies; 

O (x) = 1 /(2JC) 
1/2 Jexp[--y 2/2]dy. 

Fig. 2 shows plotting of the dependencies Pe =f [A2 /A2
k] using (2) for 

several fixed values of q = E6 /v  . 

Having reviewed the graphs of Fig. 2 one can make a conclusion that at 
In > 0,2-0,5 the receiver operation quality sharply worsens independently on a 
number of elements of a code sequence (or the signal base B=2FT). Even if the 
interference negligently surpasses the signal (Pj/Pck)>9 dB the error 

probability per one information bit (EPB) in the channel drops to the level of 
Pe > (102-10-i) testifying that the channel is practically completely suppressed. 

However, more effective discontinuous intermodulation interferences may 
he formed which are particularly useful for suppressing both separate channels and 
simultaneously all of channels in a transponder. Thus, the Globalstar system's 
transponder can carry 20 to 57 channels. 

Mean error probability per bit (MEPB) for such an interference will be 
written in the form of: 

e    Q 

1/2 

l--l4~)   (l-Ipacos<p) 
71  » vey 

>dcp (3) 

where Q - on-off time ratio of a discontinuous interference. 

Optimal interference on-off time ratio value is equal to: 

QonT~0,03(BP /Pjcp)) (4) 



where: Pc , Pjcp - a signal power and a mean interference power. 
Fig. 3 depicts dependences of MEPB that define the channel interference 

immunity under discontinuous intermodulation interference effect. 
The power gain due to the discontinuous intermodulation interference 

effect varies from 10 to 40 times as compared with its continuous analog. It 
proves the high efficiency of discontinuous intermodulation interferences. 

It should be notedthat the interference immunity analysis made above does 
not concern the assessments of intermodulation interference effects on 
synchronization channels. It is explained to a certain degree by difficulties of 
analytical closed form results acquisition. However, the experimental 
investigations made by us testify to an exceptionally powerful influence of 
intermodulation interferences on the synchronization channel operation quality 
even to complete failure of synchronization when PeH = 1/2. Therefore the made 
analytical analysis of intermodulation interference effects on information 
channels revealed exactly only the lower boundary of such interference efficiency 
(or the upper boundary of a channel immunity). 

A required power level radiated by user stations transmitters is an 
important parameter of personal satellite communication systems. With low 
values of error probability the LOPSCS system capacity for an onboard signal 
processing and transparent transponders accordingly will be equal to: 

N = Nmax=B/5q (5) 

N-N= Nmax - PUIK KC/PCJI - Puip KC/PCK 

where K^, - coefficient of signal power redistribution on the transponder 
nonlinearity; Pck - k-channel signal power. 

Out of (5) and at P^ = Pmp we shall get: 

P CK 
= PIHK / N max ,    PCK 

= 2 PUIK KC / (Nmax - N) 

As a result the ratio of user station transmitter powers of the two systems 
under consideration will be presented as: 

PCK/P'CK=2KC/(1 -N/Nmax) (6) 

With the numerical values accepted for the GLOBALSTAR system (1^=2, 
N/Nmax =0,5-0,7), we shall get: Pck /PJk cz 8-12 that demonstrates the possibility 
to considerably decrease the power of a user station transmitter. 

Conclusion. Thus, we have managed to show that operation of transparent 
transponder-equipped communication system may be frustrated by malicious 
intermodulation interferences of the power at the transponder input 
commensurate with the desired signal power. These interferences present a 
tremendous threat to commercial personal communication systems affecting their 
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universal character. Therefore, interference immunity assurance is a very important 
problem in personal communication systems. 

The search for effective solutions to provide a guaranteed (i.e. met user's 
requirements) immunity value under channel and malicious interferences effects is of 
current concern for such systems. Solving this problem is possible only if complex 
optimization of all communication channel is provided and a special attention to a 
transponder is paid. It is explained to the fact that, the first, all signals of 
communication system are summarized just in transponder and, the second, to a 
complexity of carrying out optimum onboard processing of big signal flows. 

However we have managed to develop an original technology for 
synchronous onboard processing of big signal flows using code multiplexing. The 
proposed solution is simple and practically does not complicate transponder 
design. 

Onboard signal processing LOPSCS provide higher-level interference immunity 
close to the used signal base value B=2FT. 

Signal processing onboard transponder in comparison with transparent 
transponder use also enables to reduce a user station transmitter power by 8-13 
times (and consequently to enhance users' ecological protection). 
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PefoepaT 

IlpefljiaraeTCfl co3^aHHe Manoro KocMHHecKoro annapaTa (MKA) c yHH^HUHpoBaHHOH 
njiaT(|)opMOH, KOTopafl no CBOHM xapaicrepHCTHKaM oöecne^HBaeT pa3MemeHHe Ha Hen 
pa3JiHHHBix nojie3Hbix narpysoK, npe;^a3HaHeHHBix äJIH .znicTaHHHOHHoro 30H,HHpoBaHHfl 3eMjiH 
C    BBICOKHM   npOCTpaHCTBeHHHM   pZßpeineHHeM,    MOHHTOpHHF   OKpyaCaiOmeH   Cpeflbl,    CBK3B, 
Hccjie^oBaHHe aTMOC<J)ep&i H KOCMHHecKoro npocTpaHCTBa H T.n. 3anycK MKA nnaHHpyeTca 
npoH3Bo^HTt c noMombio /jemeBOH KOHBepcHOHHOH paKeTbi "CTapT-1", oöecneHHBaiomeH 
BbiBOfl Ha opÖHTy Mace OT 360KT (400KM) RO 1 lOicr (1000KM). BsicoTa H HaKJioHeHHe opÖHTH, a 
TaK>Ke Macca MKA 3aBHCHT OT THna none3HOH Harpy3KH. KoHCTpyKnna, CTpyKTypa H 

napaMeTpti cny>Ke6HBix CHCTCM, a TaioKe KOHCTpyKnna MKA »BJIHIOTCH yHHBepcaji&HBiMH H 

o6ecneHHBaiOT Heooxo^HMyio opneHTanHio, 3HeprocHa6>KeHHe, xepMoperyjinpoBaHHe H 

ynpaBjieHHe  MKA.   ITpHBe,aeHHBie  xapaKTepncTHKH  MKA  Moryr  6BITB   o6ecneHeHBi  npn 
HCnOJIB30BaHHH COBpeMeHHBPC        KOHCTpyKHHOHHBIX        MarepnaJIOB, SJieKTpOHHBIX        H 
BBIHHCJIHTeJIBHBIX   CpeflCTB    (ß   TOM   HHCJie   H   3apy6e5KHBIx),    HerepMeTHHHBIM    HCnOJIHeHHeM 
annaparypbi H MKA B nejioM. 

JoKJiaj 

1.   OcHOBHBie nejieBBie xapaKTepncTHKH Manoro KOCMHHecKoro annapaTa 

npe^JiaraeTca co3,n;aHHe Manoro KOCMHHecKoro annapaTa (MKA) c yHH^HnnpoBaHHon 
njiaT{|)opMOH, KOTopaa no CBOHM xapaKTepncTHKaM oGecnennBaeT pa3MeineHHe pajjiHHHBrx 
nojie3HBrx     Harpy30K     äJM     ^HCTaHHHOHHoro     30H^Hp0BaHHH     3eMJiH      c     BBICOKHM 

IipOCTpaHCTBeHHBIM   pa3peHieHH6M,   CB33H   H   nepe^aHH  flaHHBIX,   MOHHTOpHHra  oKpyjKaromeH 
CpeßBI, KOCMHHeCKHX SKCnepHMeHTOB H T.n. 

OÖJHHH Bee MKA c nojie3Hon Harpy3Koft B 3aBHCHMOCTH OT BBICOTBI opÖHTBi (400 KM- 

1000KM) H ee HaKJioHeHna KojieöJieTca OT 360 Kr RO 110 Kr, npn 3TOM Ha nojie3Hyio Harpy3Ky 
BbmeniieTCH OT 220 KT RO 15 Kr. CncTeMa sneKTpocnaöaceHHa oöecnennBaeT cpeÄHeBHTKOByio 
3jieKTpHHecKyK) MOIHHOCTB OT» nojie3HOH narpy3KH OKOJio 50-100 BT H nHKOByio ceaHCHyio 
(10-15 MHH) MOIHHOCTB, noTpeOJiaeMyio nojie3Hofi Harpy3KOH Ha ocBemeHHOH nacTH BHTKa 270- 
390 BT. 

CnyTHHK HerepMeTH3HpoBaH. Ho CBOHM ra6apHTHO MaccoBBiM xapaKTepncTHKaM OH 

opneHTHpoBaH Ha BBIBOä poccnficKHM HOCHTeneM "CTapT-1". 



C uejiBio yjiy*mieHHH sKcnjiyaTannoHHbix xapaicrepHCTHK MKA H yBeJinneHHa ero 
aBTOHOMHOCTH npeaycMOTpeHa ycTaHOBKa Ha cnyTHHK npn6opa KOCMHHCCKOH HaBHrannoHHOH 
CHCTeMBi rJlOHACC (Poccna) a GPS (CILIA) H BionoHeHHa ero B KOHTyp ynpaBJieHHa. 

CpoK aKTHBHoro cymecTBOBaHHH MKA He MeHee 3 JieT. 
YnpaBJieHHe MKA npe/uiaraeTca ocymecTBjiKTt c noMombio CHCTCMBI, paöoTaiomeii B 

anana30He 2 ITn. Upu STOM nenrp ynpaBJieHHa »cenaTejibHO coBMemaTb c O^HOH H3 cTaHHHH 
npneivra neneBOH HH<J)opManHH. 

2. XapaKTepHCTHKH CHCTeM MKA. 

2.1. CncTeMa opHeHTanHH. 

CHCTeMa opneHTauHH oöecnennBaeT noAflep>i<aHHe nojiox<eHHa MKA B npocxpaHCXBe H 

nporpaMMHbie noBopoxbi co cneayiomHMH xapaicxepHCXHKaMH: 
PeKHM opHeHTauHH "3eMJia-CojiHiie" (3C): 
- XOHHOCXb OpHeHTaHHH: 

a) no KpeHy H TaHraacy 8-12 yrji. MHH. 

b) no p&icKaHHio 60 yrji. MHH. 

- CTaÖHJiBHOCTb opneHxanHH 0,0001 yrji.rpa^-/ceK 
- npoÄOJi)KHTera>HOCTB peacHMa HeorpaHHneHHO 
PeacnM opneHTanHH "3eMJiH-Bei<Top cKopocTH" (3K): 

TOHHOCTb opneHTanHH no BCeM OCKM 6 yra.MHH. 
- CTaGHJibHOCTB opneHTaHHH 0,0001 yrji.rpaA-/ceK 

nporpaMMHbie noBOpoTbi no H nonepeK noneTa 30 yrji.rpafl. 
- npoAOJiacHTejibHOCTb peacHMa B TeneHHe BHTKa äO 15 MHH. 

2.2. CncTeMa 3jieiapocHa6>KeHHa. 

CncTeMa 3JieKTponHTaHHa MKA HMeeT cjiejiyiomne TexHHHecKHe xapaKTepncTHKH : 
- cpe^HeBHTKOBaa MOIHHOCTB 100 BT 

- MomHocTb cojiHeHHOH Garapen 360 BT 

MaKCHMaxtbHaa MomnocTb nojie3HOH Harpy3KH B 

ceaHCHOM peacHMe (15MHH) Ha ocBeineHHOH 
nacTH BHTKa 390 BT 

- HanpaaceHHe öopxoBOH cexn 24-34 B 
JJjm o6ecneneHHa a^eicxHBHoro ^yHicnHOHHpoBaHHa CHCxeMbi ajieicxponHxaHHa MKA 

npejiycMaxpHBaexca BHe ceaHCOB cbeMa HH(J)opManHH opHeHTanna HopManH K HJIOCKOCTH 

conHe^Hbix 6axapen Ha Cojinne nyreM nosopoTa Bcero MKA (peacHM 3C). 

2.3. BopTOBOH KOMnjieKC ynpaBJieHHa (EKY). 

BopTOBOH KOMnjieKC ynpaBJieHHa KA peaJiH3yeT cjiejjyioinHe ocHOBHbie 4>yHKHHH-. 
- oöpaöoTKy HH<j)opManHH OT aBxoHOMHoft cHCTeMH HaBHranHH, 4>opMHpoBaHHe Ha ee 

ocHOBe «aHHbrx o napaMexpax opSnxbi H xeicymHX KOop/niHax nojioaceHHa KA Ha 
op6nTe; 

- oöpaöoTKy HH(|)opMaHHH OT acTpocHCTeMbi 3Be3/iH0H opneHTanHH. OopMHpoBaHHe 
Ha ee ocHOBe ^aHHbix o TeicymeM nojioaceHHH oceii KA B opÖnraJibHOH CHCTeMe 
KOOpflHHaT; 

- nepczjany nojiyneHHbix op6HTajibHbrx napaMeTpoB H Aamibix o nojioaceHHH ocefi KA 
B ELIBM cHcxeMbi opneHTanHH zuia Hcnojib30BaHHa B pa6oTe cncTeMbi; 



- nepeaany nojiyneHHtix op6irrajn.HHx napaMeTpos H ÄaHHbix o nojioaceHHH oceft KA 
B   KOMaHflHO-H3MepHTejibHyro   cHcreMy   ana   nepeflaHH   Ha   3eMjno   c   uenwo 

HCnOJIb30BaHHH JIW- npHB33KH HHfJjOpMaHHH; 
- npneM   TCJieMexpHHecKHX   CHraaJiOB   OT   Bcex   öopTOBbix   CHCTCM   H   SJieMenroB 

KOHCTpyKUHH H $OpMHpOBaHHe KaK OnepaTHBHOH OÖOÖmeHHOH HH(|>OpManHH (OOH) 
o  paöoTocnocoÖHOCTH  KA B  nejioM,  TaK H «eTajibHOH  HH^opMauHH  CHH)  o 

COCT05IHKH CHCTeM H KOHCTpyKHHH KA; 
- nepeaany o6o6meHHbix H aeTajibHHX aaHHbix B KOMaHflHO-H3MepHTejibHyio cHCTeMy 

äJIH nocJieAyromero "cöpoca" Ha 3eMJiio B KOHTPOJIBHMX ceaHcax, np« STOM ecjiH 
OOH cooTBeTCTByeT HOpMe, TO J\VL He nepeflaeTca, nepenana #H ocymecTBJiseTca 
np« 0TKa3ax 6opTOBoft annapaTypbi HJIH no 3anpocy Ha3eMHoro KOMnjiexca 

ynpaBneHna (HKY); 
- npHeM OT        KOMaHflHO-H3MepHTeJIbHOH CHCTeMBI        KOMaHflHO-npOrpaMMHOH 

HH(|)opMaHHH    OT    HKY    H    peajiHaamw    Ha    6opTy    Heo6xo«HMbix    Mep    no 
4>yHKH,HOHajn»HOMy H BpeMeHHOMy ynpaBJieHHio peacHMaMH H cncTeMaMH KA; 

- (JiopMHpoBaHHe GopTOBOH uiKajibi BpeivteHH; 
- ynpaBJieHHe BbnmcjiHTejibHOH ceTbio KA; 
- ÄHarHOCTHKy   COCTOflHHK  6opTOBfeIX   CHCTeM   npH   OTKa3aX   H   C60HX   B   IIITaTHblX   H 

nepexoflHHX peKHMax paöoTbi KA, 4>opMHpoBaHHe H aBTOMararaecKyio peajiroaHHio 
Heo6xoÄHMHx Mep no BoccraHOBJieHHio pa6oTocnoco6HOCTH cjiy>Ke6m>ix CHCTCM 

KA; 
- caMOKOHTpojib H peajnrcauiHO neo6xoÄHMbix nepeKJiioHeHHH npH CöOKX H 0Tica3ax 

OTÄeJibHbix 3JieMeHTOB caMoro EKY, npneM H peajiH3aHHfl KoppeKTHpoBOK 
nporpaMMHoro oöecneneHHa BbiHHCJiHTejibHOH cera KA; 

- ßByXCTOpOHHSa HHC^OpMaHHOHHaa CBH3b C aBTOMaTH3HpOBaHHbIMH HCnHTaTCJIBHO- 
BHHHCHHTeJIbHblMH    CHCTeMaMH    npH    Ha3eMHbrx    aBTOHOMHblX    H    KOMnJieKCHHX 

HcnbiTaHHax KA. 
CTpyKTypa 6opTOBoro KOMnneicca ynpaBJieHHH 6a3HpyeTCH Ha Hcnojib30BaroiH 

BbiHHCJiHTejibHOH ceTH KA, B KOTopyio BxoflHT B KaHecrae Beaymero aGoHeHTa GopTOBOH 
MHoronejieBOH KOMnworep (BMK) KA, B KanecTBe Be^oMbix nepH^epHHHbie aaairrepH (I1A) H 

cooTBeTCTByiomHe HHTep4>eHCbi. B cnynae Heo6xo«HMOCTH 4>yHKHHH Beaymero^ aöoHeHTa 
MoryT nepe^aßaTbca (nacTHHHo) TaiüKe SopTOBOH mnfrpoBoft BbiHHCJiHTejibHOÄ MauiHHe 

cHCTeMbi opneHTanHH. 
BbiHHCJiHTejibHa« cexb KA npeACTaBJiaeT co6oii pacnpe^ejieHHyio OTKpbrryio 

MHoroaöoHeHTHyio oflHonoflHHHeHHyro ceTb, nocTpoeHHyio Ha ocHOBe npoTOKOJia n 
annapaTHbix cpe^cTB HHTep4>eHca RS-485. (Manbie raSapima KA H 3HeprojiHMHTbi /jeJiaioT 
HeHejiecoo6pa3HbiM nocTpoeiiHe ceTH Ha MIL-STD-1553B). 

BbiHHCJiHTejibHaa ceTb KA HMeeT cjieflytoiime xapaicrepHCTHKH: 
KOJIHHeCTBO aÖOHeHTOB C6TH PP 32 

- cKopocTb oÖMena HH<|>opMaHHH 2,5 M6HT/cex 
- HajiHHHe raJibBaHHHecKofi pa3B33KH aöoHeHTOB: HMeeTca 

HanpjDKeHHe pa3B33KH 2,5 KB 

BeAymHH aöoHeHT ceTH 6opxoBOH MHoronejieBOH KOMnbioTep (BMK) KA, npaKranecKH 
peajiHsyex yKa3aHHbie Bbiine (feyHKipra BKA. npn Ha3eMHbix HcnHTaHHHX aBTOMaTH3HpoßaHHaa 
HcnwTaTejibHa« cncxeMa (AMC) CTUHOBHTCH BeaymHM aöoHeHTOM BbiHHCJiHTejibHOH ceTH KA, a 
BMK - BeaoMHM, (TaKHM oöpa30M coKpamaeTCfl KOjraraecTBO annapaTHbix H nporpaMMHbix 

cpe^cTB, ynpomaeTCH nponeffypa HcnbiTaHHÄ). 
Be^oMbie a6oHeHTbi ceTH - nepH^epHHHbie a^anTepbi (ITA) aßjiHiOTca yHHBepcajibHbiM 

cpe#CTBOM cornacoBaHHK Meacfly pa3JiHHHbiMH npnöopaMH, He HMeiornnMH BbiHHCJiHTejrbHbix 
cpeacTB, H BbiHHCJiHTejibHOH cCTwo KA. ÜA HMeeT napajuiejibHbiH H nocjieaoßaTejibHbiH 
Kanajibi' o6MeHa HH(|>opMau;HH. napajuienbHbiH KaHan - npeaHa3HaneH juia oÖMeHa 
HH^opMauneÄ   B   napajiJiejibHOM   KOfle   c   «pyrHMH   ycipoöcTBaMH   (aöoHeHTaMH).   OäHH 



nocjiejiOBaTejibHbiH KaHaji nowepacHBaeT HHTep^eftc RS-485 (ceit). Apyroft 
nocjieAOBaTejiLHbiH Kanaji noflflepxcHBaer HHTep^eöc RS-232, KOTOpwu no3BoaaeT B KanecTBe 
OTJiaaoHHbix cpe^cTB HcnoJiL30BaTb nepcoHajibHbie 3BM IBM PC. 

2.4. KoMaHaHO-H3MepHTejibHafl CHCTeMa 

KoMaHÄHO-H3MepHTejiLHaa   CHCTeMa   oöecneHHBaeT   nepe^any   Ha   6opT   KOMaHflHO- 
nporpaMMHOH HmfropMamra, H3MepeHHe napaMerpoB äBHäCHHä MKA, nepe^any c SopTa Ha 
3eMJHO KBHTaHHHH HCnOJIHCHHH KOMaHfl H TejieMeTpHHeCKOH HH(|)OpMaUHH. 

KoMaHflHO-H3MepHTejibHaa CHCTeMa HMeeT cjieflyiomHe xapaKTepHCTHK«: 
- AHana30H nacTOT 2ITH 

- MomHOCTb nepe^aTHHKa 4 BT 

- HH(|)OpMaTHBHOCTb 128 K6HT/C 

2.5. AHTeHHO-(|)HaepHbie ycTpoficTBa. 

AirreHHO-^HflepHHe ycTpoficTBa (AO>Y) BKjnoHaioT B ce6a cneayiomHe ycTpofiCTBa: 
- Ad>y nojie3Hoii Harpy3KH (AJia annapaTypbi #33 npe^JiaraeTca nepeaaiomee 

AOy /tHana30Ha 8 ITu,.) 
- uiHpoKOHanpaBjieHHoe np'HeMO-nepeAaiomee AOY KOMaHAHO-H3MepHTejibHOH 

cHCTeMbi ^Hana30Ha 2 TTu,. 
- aHTeHHbi npneMHHKOB TJIOHACC-GPS. 

2.6. riojie3Haa Harpy3Ka MKA. 

MKA oojiaflaer MHoronejieBOH nuaT^opMOH, ncoBOJiaiomeH ycTaHaBjiHBaTb none3Hyro 
Harpy3Ky Ana pemeHHa 3aAaii CBJBH, HaBHramni, npoBe^eHHa HaynHbix SKcnepHMeHTOB H T. n. 

flajiee    paccMaTpHBaeTca    BapnaHT    nojie3Hofi    Harpy3KH    flna    AHCTaHHHOHHoro 
30H£HpOBaHHJI     B     HeJIHX     HCCJieAOBaHHH     npHpO^HblX     peCypCOB     3eMJIH,     COCTOaiHHH     H3 
paflHOKOMnjieKca H TejieBH3HOHHoro KOMnjieKca. Heo6xoAHMO OTMCTHTB, HTO AaHHbifi BapnaHT 
noJie3HOÄ Harpy3KH MoaceT aBJiaTbca 6a30BbiM AJia co3aaHHa MKA flna AHCTaHHHOHHoro 
30HAHpoBaHHa 3eMJiH B apyrHX cneKTpairbHbix AHana30Hax H C HHBIM npocTpaHCTBeHHbiM 

pa3penieHHeM. 
riepeAaTHHK AHana30Ha 8 ITu. MOHHiocTbio 6 BT BbinonHeH Ha TpaH3HCTOpax H 

o6ecneHHBaeT nepe^any noTOKOB AaHHbix 64 M6HT/C. 

B cocTaB TeJieBH3HOHHoro KOMnjieKca MKA BXOAST y3KoyroabHaa TeaeBH3HOHHaa 
xaiviepa YTBK, iHHpOKoyrojibHaa TeaeBHSHOHHaa KaMepa IUTBK H aaeKTpoHHKa ynpaBJieHHa H 

cacaraa AaHHbix. OcHOBHbie xapaKTepncTHKH TB-KaMep IIITBK H YTBK: 
1. Pa3pemeHHe Ha MecTHOCTH (M) 10 2 
2. OopMaT H3o6paaceHHa (nrox) 6032      6032 
3. 3axBaT Ha MecTHOCTH (KM) 60 12 
4. CneKTpaitbHbiH AHana30H (MKM) 0,5-1,0    0,5-0,7 
5. tfacjio cneKTpajibHbix KaHanoB 3 1 
6. IloTpeÖJiaeMaa MOIHHOCTB (ceaHc) 50 75 
npHMenaHHe: xapaKxepncTHKH npHBeAeHbi j\n% BbicoTbi 650 KM. 

3. BecoBOH H 3HepreTHqecKHH 6anaHC MKA. 

Macco-ra6apHTHbie xapaKTepncTHKH H MOIHHOCTH ycTpoiicTB, BXOASIUHX B cocraB MKA 
fl33, Aaa COJIHCHHO-CHHXPOHHOH OP6HTH BHCOTOH 650 KM npHBeAeHbi HHace. 



CncTeMa MKA Macca BX         rioTpeöJieHHe BT 
KoHCTpyKij;Ha H CTP 65 
CncTeMa opHeHxau;HH 27,5                         46 
CncTeMa ajieiapocHaGaceHHJi 27                              3 
BopTOBOH KOMnneKC ynpaBjieHHs 6                              7 
AHTeHHO-(J)HÄepHbie ycTpoficTBa 10 
KoMaH£HO-H3MepHTejn>Ha» cHCTCMa 5,5                          45 
Pa/iHOKOMnxteKC 22                          100 
TejieBH3HOHHtiH KOMnneKC 58                          140 
KoHCTpyKTHBHbiH pe3epB 19 

HTOrO 240         
06IU,HK BHä MKA npHBe^eH Ha pnc. 1 
CTpyKTypHaa cxeMa MKA npHBe^eHa Ha pHC.2 



PMC. 1. 0ÖLL1MM BMfl MKA 
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Abstract 

It is suggested to create a small satellite (SS) with universal bus able to carry different 
payloads for Eath Remote Sensing (ERS) with high resolution,  communication and data 
transmission, space experiments, research of atmosphere and space, etc. 
The start-up SS is planned to launch with the help of a conversion rocket "Start -1" ensuring 
orbital insertion of weights from 110 kg (1000 km) up to 360 kg (400 km). Altitude and orbit 
inclination, and also weight SS depends on a type of a payload. A design, structure and the 
parameters of service systems, and also design SS are universal and provide necessary orientation, 
power supply, thermal control and control SS. This characteristics SS can be supplied at use of 
modern constructional materials, electron and computing means (including foreign). The satelllite 
is not vacuum-tight. 

Report 

1. Main characteristics of a Small Satellite 

It is suggested to create a small satellite (SS) with universal bus able to carry different 
payloads for Earth Remote Sensing (ERS) with high resolution, communication and data 
transmission, space experiments, research of atmosphere and space, etc. 
The total mass SS with a payload depending on an orbital altitude (400 km -1000 km) and its 
inclination changes from 360 kg up to 110 kg, the mass of the payload is allocated from 220 kg up 
to 15 kg. The system of power supply provides on the average power for a payload about 50-100 
W and peak (10-15 min) power 270-390 W. 

The satellite is not vacuum-tight. 
The mass and a size of the satellite are matched so as to launch it with the Russian space 

launcher "Start-I". 

In order to improve performances of the satellite and make its operation more autonomous, 
it is foreseen to equip the satellite with a satellite navigation receiver (SNR) of the GLONASS 
(Russia) and GPS (USA) systems signals. 

The lifetime planned for the satellite is not shorter than 3 years. 



It is suggested to control the satellite flight with help of Telemetry Tracking and Control 
(TT&C) subsystem, operating in the band of 2 GHz. A mission control center can be combined 
with the receiving station of the information. 

2. Characteristic of systems Small Satellite 

2.1. Attitude control system. 

Satellite attitude control on orbit and after satellite's rotations will be performed with the 
following characteristics: 

Attitude Control Mode "Earth-Sun" (ES): 
- accuracy of attitude determination 

roll and pitch. 8-12 ar.min 
yaw 60 ar.min. 

- attitude maintenance accuracy 0.0001 grad/s 
-.duration of the ES mode unlimited 

Attitude Control Mode "Earth-Velocity Vector" (EC): 
- accuracy of attitude determination 

along 3 axes 6 ar.min 
- attitude maintenance accuracy 0.0001 grad/s 
- accuracy of programmed rotations 

along-track ±30 grad 
cross -track ±30 grad 

-.duration of the ES mode 15 min 

2.2. Power Supply System. 

The power supply system of the small satellite has the following characteristics: 
- average (for I turn) power consumption of the satellite 100 W 
- solar panel power 360 W 
- maximal payload power consumption during the session in 

the lightened part of the turn (10- 15 min, not more than 
3 times per 24 hours) 390 W 

- on-board voltage 24-34 V 

In order to provide effective power supply to the satellite subsystems, the satellite solar 
panels will be placed normally to the direction to the Sun in that parts of the orbit, where no 
surveying is carried out. 

The change of the solar panels attitude will be achieved by rotation of the satellite. 

2.3. Onboard Control Complex /OCC/ 

OCC has the following functions: 
- SNR data handling, generation on its basis of data on orbit parameters and current 

coordinates of SS attitude in orbit; 
- transmission of the received orbital parameters to attitude control system; 
- transmission of the received orbital parameters and data on SS axes attitude to the radio 

complex and transmission to the Earth to be used for geographical reference of information; 



- TM signals reception from all onboard systems and structural components both with 
prompt generalized data /PGD/ on SS operationability in general and detailed data /DD/ on 
systems and SS structure status; 

- transfer of generalized and detailed data into the radiocomplex for further transmission to 
the Earth in the reference sessions; if PGD corresponds to normal data, DD is not transmitted, DD 
is transmitted at the request of the ground control complex /GCC/; 

- reception /after the radiocomplex/ command and program information from GCC and 
functional and time control of SS operations and systems; 

- onboard time scale generation; 
- SS computer network control; 
- onboard systems status diagnostics at faults and malfunctions in SS operations nominal 

and intermediate conditions, generation and automatic realization of the required measures for SS 
service systems functioning restoration; 

- self-check and necessary switch at faults and malfunctions of OCC components, 
reception and performance of software corrections of SS computer network; 

- two-way data channel with automated test-computer systems at SS ground-based 
independent and integrated tests. 

OCC is based on SS computer network consisting of onboard multipurpose computer 
/OMC/ as a leading subscriber, and as subordinate subscribers - peripheral adapters /PA/ and 
corresponding interfaces. If necessary, the leading subscriber functions can be given /partly/ to 
attitude control system onboard computer /ACS OC/. 

SS computer network is a distributed open many-subscriber one-subordinate network 
based on the protocol and RS-485 interface hardware. /SS small dimensions and power 
consumption constraints make it inexpedient to build the network using MIL-STD-1553B./ 

SS computer network has the following specifications: 
- network subscribers number up to 32 
- data exchange rate 2.5 Mb/s 
- availability of subscribers galvanic decoupling      available 
decoupling voltage 2.5 kV 

The network leading subscriber OMC performs the above mentioned OCC functions. 
During ground tests the automated testing system /ATS/ becomes the leading subscriber of SS 
computer network and OMC - the subordinate one (thus, the number of software and hardware is 
reduced, the test procedure is simplified). 

The network subordinate subscribers - PA are a universal coordinating means between 
different devices not having computers and SS computer network. PA have a parallel and serial 
data exchange channels. The parallel channel is designed for data exchange in the parallel code 
with other devices /subscribers/. One serial channel supports RS-485 interface /network/. The 
other serial channel supports RS-232 interface which enables to use IBM PC as adjustment 
facilities. 

2.4. Telemetry, Tracking and Control Subsystem (TT&C) 

The TT&C subsystem provides transmission to the satellite commands and servicing 
information, measures the satellite orbit, receives from the satellite reports on fulfilled 
commands and telemetry. The TT&C subsystem has the following characteristics: 

- band -2 GHz 
- transmitter power -4 W 
- transmitter power 128 Kbit/s 



2.5. . Small Satellite Antenna Feeder Devices 

Antenna-feeder devices (AFD) include the following items: 
- AFD payload; 
- omnidirectional TT&C receiving/transmitting 2 GHz antenna; 
- GLONASS/GPS receiver antennas. 

2.6. Small Satellite Payload 

The satellite has a multipurpose bus creating possibilities for installing payloads for tasks 
of remote sensing, communication, navigation, scientific experiments, etc. 

Further, the payload for ERS will be considered including TV equipment and radio 
equipment This version of the payload can become a base for developing satellites for ERS in 
other spectral bands and with other spatial resolutions. 

An 8 GHz transmitter with a 6 W output power is built using transistor technology and 
provide a bitrate of 64 Mbit/s. 
Trie TV equipment of the satellite includes the following items: 

- narrow-angle TV-camera (NATV) 
- data compression equipment 
- wide-angle TV-camera (WATV) 

Basic performances of the NATV and WATV are given in the Table 1. 
Table I 

Parameter 
1. Ground resolution 
2. Image size 
3. Swath width 
4. Spectral band 
5. Number of spectral channels 
6. Power consumption (without TCS) 

Notes: Characteristics are given for satellite altitude of 650 km 

3. Mass and Power Balance of Small Satellite 

Mass, overall dimensions and power of consumption of equipment, being a part of small satellite 
(SS) bus and payload are shown in Table 2. These performance data correspond to limitations for 
SS launch with help of "Start-1" launcher and SS power opportunities. 

Unit WATV NATV 
m 10 2 

pixel 6032 6032 
km 60 12 
mem 0.6-1.0 0.5-0.7 

3 1 
w 50 60 



Table 2 
Subsystem or Equipment of SS Mass, kg Power, W 

1. Construction 65.0 
2. Attitude Control Subsystem 2.7.5 46 
3. Power Supply Subsystem 27.0 3 
4. OCC 6.0 7 
5. Antenna-Feeder   Subsystem 10.0 
6. Tracking & Command     Subsystem 5.5 45 
Payload 80.0 240 
7. Radio Subsystem 22.0 100 
8. TV Subsystem 58.0 140 
Construction Reserve 19.0 

TOTAL: 240.0 

The general view SS is adduced in fig.l 

The block diagram SS is adduced in fig.2 



Fig 1. The general view SS 
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A : 

BO3MO)KHOCTH ncnojib30BaHHsi Majibix KOCMHHecKHX annapaTOB Ha cpeßHHx 
OKOJ103eMHt.IX Op6HTaX flJIfl C03,HaHH5l CHCTeM UIHpOKOnOJIOCHOH CBH3H. 

(IUJIC Ha MKA MEO) 

B.K.OiOKa, U.M. TeruiHKOB 
PTPi HM. MHHUa 

125083 r.MocKBa,yji.8 MapTa,10-12 
cDaKc; (095) 214-0662 

M.H. rpHUIKO 
HnO MA1II. 

143952 r.PeyTOB,MocKOBCica$i oöjiacTb, 
y.n.rarapHHa, 33 

OaKc; (095) 302- 2001 

B HacTOHiuee BpeMH pa3BHTne KOCMHHCCKHX CHCTCM CBJHH HfleT KaK 3a cqeT 
ocBoeHHH HOBbix opÖHxajibHbix no3HüHH - 3TO LEO Iridium, Globalstar, 
Teledesic, Skybridge, Celestri, TaK H pa3BHraeM CHCTCM GEO H MEO - STO ICO, 
Spaceway H ßjp. Bee STH npoerrbi HanpaBJieHbi Ha co3,n;aHHe rnoöajibHHx 
MHpOBbix CHCTeM H TpeöyiOT npHBJieneHHH raraHTCKHx cfMHaHCOBbix 3aTpaT #Jia 
HX peajiH3auHH. /Jjia SToro ^na Kaayjoro H3 npoerroB co3^aiOTca KpynHbie 
Me>K#yHapo,HHbie (J)HHaHCOBO- npoMbiumeHHbie KOHCopuHyMbi. Bo3MoaceH JIH 
npopbiB   POCCHH    H   CTpaH    coflpyscecTBa   B   STOT   6ypHO   pa3BHBaiomHHC5i 
KOCMHHeCKHH TeJieKOMMyHHKaUHOHHblH pblHOK? 

Bo3MO>KeH npH ycjiOBHH coa^aHH» onepeacaioiHHX, KOHKypeHTOcnocoÖHbix 
TeXHOJIOrHH   H   nOCTpOeHHfl  TaKHX   CHCTeM,   KOTOpbie  no   CBOHM   3KOHOMHHeCKHM 
noKa3aTejiJiM 6buiH 6bi peajibHbi #JM SKOHOMHKH POCCHH. TaKHe CHCTCMM flOJDKHbi 
CTpOHTbca Ha 3Heproc6eperaiomHX npHHHHnax, HX CTpyxrypa flOjKKHa no3BOJiHTb 
nosTanHoe co3flaHHe CHCTCM C MHHHMajibHbiMH 3aTpaTaMH Ha HanarrbHOM 3Tane H 
o6ecneqeHHeM xopomefi KOMMepHecKOfi caMOOKynaeMOCTH Ha Kaac^OM H3 STanoB 
HX C03flaHHfl. 

AfleKBaTHbiM peiueHHeM STOH npoSjieMbi stBJiaeTca Hcnojib30BaHHe ,zyw 
nepcneKTHBHbix KOCMHHCCKHX TejieKOMMyHHicauHOHHbix CHCTCM Majibix 
KOCMHnecKHx annapaTOB (MKA) HJIH B flpyroH TepMHHOJiorHH cnyraHKOB Majiofi 
Maccbi (MM-Sat). 

B Kanecree TaKHx cnyTHHKOB noHHMaiOT cnyrawKH, Macca KOTOpbix He 
npeBbiuiaeT 1000 icr H MoiHHOCTb noTpe6jweMOH 3JieKTpo3HeprHH nojie3HOH 
Harpy3KH He 6ojiee 1,5 KBT. 3anycK TaKHx cnyTHHKOB na pa3Hbie Tnnw opÖHT 
no3BOJiaeT o6ecnenHTb rn6Koe nosTanHoe co3,n;aHHe H pa3BHTne KOCMHHCCKHX 
CHCTeM pa3JIHHHOH KOH^HrypaUHH. 

BbiBOÄ Ha op6HTy cnyTHHKOB Manofi Maccbi (MM-Sat) MOHCCT 6biTb 
o6ecneneH uwpoKHM Bbi6opoM paKeT-HOCHTejien cpezjHero KJiacca, B TOM HHCJie 
Ha 6a3e KOHBepcnoHHbix MBP. HITO "MauiHHOCTpoeHH»" HMeer B CBOeM 3aflejie 
Hefloporyio paKeTy-HOCHTejib "CTpejia", co3^aHHyio Ha 6a3e MBP PC-18. 

Co3^aHHe MKA 6a3HpyeTca Ha Hcnojib30BaHHH nepeopBbix 3Hepro«H 
pecypco_^-c6eperaioniHx paKeTHO - KOCMHHCCKHX TexHOJiornfi, a TaKKe 
nepcneKTHBHOH pa#H03neKTpoHHKH,  MHHHMH3HpyiomeH  nocTpoeHHe  nOJie3HOH 



Harpy3KH. HayHHO-xexHHnecKHe zaßpnhi, HMeioinHeca B SXOH oÖjiacxH y HIIO 
MauiHHOCTpoeHHH H Pa,a,HoxexHHqecKoro HHCTHTyTa MMeHH aKa^eMHKa A.JI, 
MHHLja B KOonepauHH c nepejjOBbiMH HayHHO-npoH3Bp,ztcxBeHHbiMH 
npeAnpHSTHHMH POCCHHCKOH Oe^epauiHH IICOBOJIHIOT peiiiHTb sxy 3aAany. 

OCHOBOH MKA flOJDKHa cxaxb yHHBepcajibHaa KOCMH^ecKaa miaxcpopMa 
(YKI1),   Ha  6a3e  Koxopofi   MO»ex  co3,n;aBaxbc»  MO,zry.JibHbiH  pafl  MKA ßjia 
pa3JIHHHbIX CnyTHHKOBblX CWCTeiW CBH3H GEO, MEO H LEO. 

BbicoKaa cepHÖnocxb YKII, a xaKKe npoH3BOflCTBeHHbiH 3aflen H 

HafleacHOCTb cpeAHHx paKeT-HocHTejieö MoryT o6ecnenHXb xopouine 
SKOHöMHHecKHe    noKa3axenH    jyw    co3^;aHHa    Ha    HX    ocHOBe    pasjin^Hbix 
KOMMepMeCKH 3CJ}Cf)eKXHBHbIX KOCMHH6CKHX XeJieKOMMyHHKaUHOHHblX CHCTeM. 

BbinojiHeHHbie    PTH    HMCHH    aKa^eMHRa    A.JI.    MHHua    H    HIIO 
MailIHHOCTpOeHH«  npOeKTHbie pa3pa60TKH  nOKa3aJIH B03MO>KHOCXb C03AaHHS(  Ha 
6a3e MKA, pa3MeujaeMbix na cpe#HHx oKOJio3eMHbix opÖnxax (KpyroBaa op6HTa 
C BbICOTOH 10360 KM), BbICOK03^4>eKTHBHOH CHCXeMbI CBH3H. 

AnajiorH^Hbie npHHUHnbi MoryT 6biTb Hcnojib30BaHbi npH co3flaHHH 
perHOHajibHbix GEO cncxeM CB«3H. 

3$4)eKTHBHOCTb CHCxeMbi #ocxHraexca 3a cnex npHMeHeHHH HOBWX 

npHHUHnoB nocTpoeHHa öopxoBbix pexpaHCJiaxopOB Ha 6a3e aflanTHBHbix 
MHorojiyneBbix ameHH. 

MKA orpaHHHHBaiox KaK BecoBbie noKa3axejiH pexpaHcnaxopoB, xaK H 

B03MO>KHyK) MOUiHOCxb HX 3JiCKxponHxaHHH, nosxoMy BbiGop cxpyKxypbi 
nocxpoeHH» pexpaHCJiaxopoB pjin MKA, HX nacxoxHoro ^Hana30Ha H OCHOBHHX 

napaMexpoB aHxeHHbix cncxeM HMeex öojibiuoe 3HaneHHe ßjisi 3(})(f)eKXHBHoro 
nOCXpoeHHH XeJieKOMMyHHKaUHOHHOH CHCXeMbl. 

npaKXHHecKH MOJKHO CHHxaxb, Hxo Macca cnyxHHKa npHMO 3aBHcnx ox ero 
3Hepronoxpe6jieHHa, nosxoMy CHH^ceHHe BecoBbix noKa3axejieH nojie3HOH 
Harpy3KH MCOKHO flo6HXbCH B nepßyio oqepeflb 3a cnex 3Heproc6eperaiomHx Mep. 

3Heproc6eperaioinHe ace npHHUHnbi, no3BOJiaK>mHe o6ecneHHXb 
xpeöyeMyio SHeprexHKy paflHOJiHHHH KOCMHHCCKOH CHCxeMbi AHKxyiox, KaK 
H3BecxHO, Hcnojib30BaHHe MaKCHMajibHoro pa3Mepa aHxeHH, npH Koxopwx 
ocoöeHHO c yßejiHqeHHeM nacxox qacxoxHoro flHana30Ha Ku H Ka pe3KO 
yMeHbuiaexca uwpHHa flHarpaMMbi HanpaBJieHHOcxH. 3xo npH HiHpOKHX yraax 
o63opa c KA xpe6yex cymecxBeHHoro yBejinqeHHa KOJinnecxBa ny^efi aHxeHHofi 
CHCxeMbi. TaK HanpHMep onxHMH3auHa pexpaHCJWXopa ICO (MEO) c anaMexpoM 
aHxeHHbi «3 M B flHana30He qacxox »2 ITLJ noxpeöoBajio npHMeHeHHe 103 
jiynen. üepeßOBaa KOCMH^ecKaa CHCxeMa Celestri B ^Hana30He nacxox 20*30 ITu, 
HMeex KOJiHHecxBO Jiynefi aHxeHHOö CHCxeMbi Ha 1 cnyxHHK nopH,znca 300. B CB»3H 

c 3XHM 3Heproc6eperaiomHe cxeMbi pexpaHCJiaxopoB xpeöyiox npHHUHnHajibHO 
HOBoro noflxo^a H xexHOJiorHÖ, o6ecneHHBaiomHX co3#aHHe 6opxoBbix aHxeHHbix 
cncxeM c KOJiHHecxBOM JiyneÄ B npeflejiax 10 2-l()3. 

IlpH 3XOM pacnpeÄeneHne SHeprexHKH B SXHX jiynax Moacex öbixb 
flocxaxoqHO HepaBHOMepHbiM 3a cnex pa3JiHHHbix yarcoBHH paöoxbi cnyxHHKa H 

^HHaMHKH no^KJifOHeHHH aöoHeHXOB, nosxoMy xpe6yexca aflanxHBHoe, B 

peajibHOM BpeMeHH, pacnpe^ejieHHe MOUIHOCXH CHrHajia no BceMy nojiK) Jiyqefi. 
T.e. ana peajiH3auHH S^^CKXHBHWX MKA xpeöyexcH co3flaHHe MHorojiyneBbix 
aAanxHBHbix aHxeHHbix cncxeM, Koxopue B xoace BpeM« oöjiaflaiox Majiofi Maccofi. 



CoBpeMeHHaa  paflHOHH(})opMaTHKa  H  nepcneKTHBbi  aneKTpoHHKH  no3BOA$noT 
peniHTb 3Ty 3aAaqy. 

MoryT 6biTb HcnojibsoBaHbi pa3Hbie npHHininbi AoeraaceHHa STOTO. 

npocTefiiiiHM BHAOM aflanTHBHOH MHorojiyqeBOH aHTeHHbi MOKCT oiyacHTb 
cpasnpoBaHHaa aHTeHHaa peuienca THna BaH-A-rra. npHmmn ee AeHCTBHH 
COCTOHT B CJie^yiomeM. 

PemeTKa COCTOHT m Ha6opa H3JiyqaK>iHHx 3JieMeHTOB, umpHHa 30Hbi 
HanpaBJieHHOCTH Ka>KAoro M3 KOTopux cooTBeTCTByeT yniOBOH 30He 
o6cjiy)KHBaHH5i   cnyTHHKa.   Mepes   TpaKTbi   ycHJiHTejiefl   H   npeoöpasoBaTejieü 
CHrHajTOB   Ka>KAbIH   3/ieMeHT   npHeMHOH   peilieTKH   CB$I3aH   C   COOTBeTCTByfOlHHM 
sjieMeHTOM nepeflaromefi peuieTKM. PemeTKa 3epKajibHO nepeH3jiyqaeT npHHaTbie 
CHTHajIbl. 

IIJHpHHa jiyqa cpopMnpyeiwoH AHarpaMMbi HanpaBneHHOcra onpeAejweTca 
ee anepTypoH. üpn STOM npeAejibHoe KOJIMHCCTBO JiyqeH, KOTOpbie MoryT 6biTb 
c(|)opMHpoBaHw, onpeAeiiaeTca, KHK H3BecTHO,KOJiHHecTBOM 3JieMeHTOB pemeTKH. 
OopMHpOBaHHe jiyqeB noAAep>KHBa Tea Ha3eMHbiMH 6a30BbiMH craHijHaMH, 
(j)opMHpyiomHMH BOKpyr ce6a 30Hy(coTbi) npneMO-nepeflaqH «jia noAranoHeiüM 
a6oHeHTOB. 

TaKHe pemeTKH MoryT jienco (J)opMHpOBaTb MHorojiyneBbie CHCTCMH C 
KOJiHHecTBOM jiynen (102-KP) m* pasjiHMHoro AHanasoHa BOJIH, npn 
OTHocHTejibHo npocTbix annapaTypHbix KOHCTpyKHHHx c Majiofi Maccofi. 

Pa3Mep H cpopiua o6meö 30HH o6cjiy»CHBaHHa $opMHpyioTca ycraHOBKOH 
Ha3eMHbix 6a30Bbix craHu.HH, H nosTOMy o6maa reorpacpna cera jienco 
aAanTHpyeTca no Mepe noAKJiroweHHH Tex HJIH HHMX pernoHOB Ha pasHbix 3Tanax 
BBO#a CHCTCMW. Ba30Bbie CTaHHHH TaKace Jienco peryjinpyioT 3HepreraqecKHe H 
HH(|)opMaHHOHHbie noTOKH B KOCMHHecKofi pemeTKe, mo aflanrapyeT pa6oTy 
MHOrojiyqeBOH aHTeHHofi CHCTCMH no KpHTepHK) MaKCHManbHoro Küß. 

#jia nocTpoeHHa MHorojiyneBbix 6opTOBbix aHTeHHbix CHCTCM MoryT 6biTb 
Hcnojib30BaHbi H Apyrne Meroflhi, oöecnenHBaiomHe peajimamno anarpaMMo 
oöpa3yioiHHX cxeiw c HanivieHbuiHMH 3aTpaTaMH Ha 6opTy. B nacraocTH c 
opraHHsannen aHTeHHofi CHCTCMH, HcnojibsyiomeH perpaHcramno CHraajiOB 
qacTOTHo-(j)a30Boro pacnpeAejieHHa npneMHOH SopTOBOH pemeTKH Ha 3eMJiio. 

PaccMOTpeHHbie Bbime MCTOAW no3BOJiaiOT co3AaTb annapaTypy 
MHorojiyneBbix peTpaHCJWTopoB c KOJIHHCCTBOM jiyqefi 102"103 npn cpeAHefi 
6OPTOBOH MOIHHOCTH HSJiyneHHa no BceM jiynaM Ao 1,5 KBT. npn 3TOM o6maa 
Macca öopTOBofi annapaTypbi peTpaHCJiauHH He npeBbimaeT 150 KT. 

OömHH BHA MKA Axta CHCTCM CBH3H Ha MEO npeACTaBJieH Ha pncl 
AaHHbifi   MKA   no3BOJiaeT   co3AaBaTb   mnpOKonojiocHbie   (AO   80   M6HT/C) 
BHyTpncoTOBbie JIHHHH CBa3H B AHana30He 20-30 ITu,. 

MKA Ana noABHiKHOH H MarncTpajibHOH CBA3H npeACTaBJieH Ha pnc.2 
Ha 3TOM MKA noABHÄHaa cßa3b ocymecTBjraeTca B AHana30He 11-14 ITu, a 
MarHCTpajibHaa (MOKcnyTHHKOBaji) B AHana30He 23-32 TTu,. 

Op6HTajibHaa rpynnnpoBKa H3 24 TaKHx MKA no 6 KA (B 4 HJIOCKOCTHX) 
no3BOjiaeT opraHH30BaTb rjio6anbHyio cßa3b. 
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OcHOBHbie xapaKTepHCTHKH THnoBbix ceTefi, co3flaBaeMbix c 

1 

Hcnojib30BanHeM MKA Ha MEO. 

1. BHyTpHCOTOBaa cexb MynbTHMe^Ha H TeneBH^eHHa. 
HHCJIO B03MO>KHbIX COT Ha 1 KA 625 
MHCJIO paÖOHHX COT 40 
riponycKHaa cnoco6HOcrb AJIA 1 COTU flo 60 M6HT /C 

^Hana30H nacroT 20/30 TTn 

CxopocTb nepe^aHH HH(f)opMauHH: 
- OT a60HeHTCKOH CTaHUHH AO 2,048 M6HT/C 

- OT nepeHOCHMoro TepMHHana 64 K6HT/C 

2.CeTb CBA3H c noflBH^CHbiMH a6oHeHTaMH: 
MHCJIO COT Ha 1 KA 127 
riponycKHaa cnoco6Hocxb äJTH 1 COTH flo 4 M6HT/C 

,HHana30H nacTOT 7/8 rru 

CKopocTb nepefla'iH HH(})opMauHH: 
- OT 6a30B0H CT3HUMH K aöoHeHTy 
- OT aöoHeHTa 

flo 1024K6HT/C 

flo 384 K6HT/C 

BblBOflbl 

MKA n03BOJIHK)T        C03flaBaTb        paß,        3KOHOMHHCCKH        BbirOAHblX, 
nepcneKTHBHbix     TejieKOMiwyHHKauHOHHbix     ycnyr,     oöecnenHBaa     Bbicoicyio 
KOHKypeHTOCnOCOÖHOCTb Ha pblHKe KOCMHHeCKHX TeJieKOMMyHHKaHHH. 

CHCTeMbi, co3AaBaeMbie Ha HX OCHOBC, 6jiaro,a;apfl ManbiM (})HHaHCOBbiM 
3aTpaTaM   Ha  co3^aHHe   H   BMBOA  MKA   He  Tpe6yioT  GOJIBIJUHX  CTapTOBbix 
4>HHaHCOBbIX     BJIO)KeHHH     M     HMCIOT     XOpOUiyK)     B03MO)KHOCTb     aflanTHBHOTO 
nosTanHoro co3flaHHH H aflanTHBHoro pa3BHTHa no OTHOUICHHIO K 3anpocuM 
pbiHKa, a TaKKe xapaKTepH3yeTca noHHaceHHbiMH pHCKaMH BO BpeMa co3#aHHfl H 

SKcnjiyaTauHH. Bee STO flejiaeT BecbMa npHBJieicaTejibHbiM co3flaHHe TaKHx CHCTCM 

Ha 6a3e MKA .zyw Majibix H pa3BHBaioinHxcH rocynapCTB, a TaiOKe 
nepcoHajiH3au.HH Majibix CHCTCM PJIA oTflejibHbix perHOHOB H BCZJOMCTB. 
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nPEHMyiUECTBA HCnOJIb30BAHH.H MKA CBA3H 
HA  TEOCTAUHOHAPHOÄ OPBHTE 

*BypaBHH A.R, *rpmiiKo M.H., **Kapyrmi H.B. 

*HiTTO MaUJMHOCipoCHUH 
143952, MocKOBCKas o6n„ r. PeyroB, yn. rarapHHa, 33 

*aKc: (095) 302-2001       E-mail: NPO@mashstroy.msk.su 
TCJI. (095) 528-7370 

♦PHHH KIT 
111250, r. MocKMa, yji. ABMUMinupHaH, 53 

TCJI. (095) 273-46-59 

AmiOTauHH: PaccMorpeHa CXCMS peajin3annH cucreM cnyTHHKOBO« CBHSH C ncnojib30BaHneM 
K/iacTepHoro nonxom K paauMTMio KocMimecKoro cerMCHTa. TüKOM noflxoa no3Bo.n>ieT 
ocywecTBHTb   ncmariHoe   oci5oenne   MacTOTHoro   pecypca   opßMTaibHOH   no3Hiwn   3a   cqeT 
3aAeMCTUOBaHHH MajlOpa3MepHblX CnyTHHKOB CBH3M.  npHBefleHbl AOCTOHHCTB3 TaKOft CXCMW. 

KoMMepqecKaa nPHB^eKaTe^bHOCTb HcnojiwoBaHH* Tex MJIM MHUX reocTauHOHapHbix 
cnyTHMKOB CBH3H saBHCMT or CTOHMocTH BUBefleHMH OÄHoro ycjioBHoro TpaHcnoHnepa B 
cooTBeTCTByiomyio op6HTanbHyio no3Huwo. 

YcnexM, itocrarHyTbie BeflymnMH npcw3BOÄHTejiHMH annapaTypu no^e3Hon Harpy3KM H 

cjiyxeGHbix CHCTCM, a raioKc onwr npcanpHJiran H Haynnux opraHH3auHM POCCMM no 
coMaHwo M Hcnojib30BaHMK) a^eKTpopaKejHbix n^aaMeHHbix ÄBHraTe/ieM no3BOjmioT yxe B 

HacTOfliuee BpeM« noaoftra K peajijwauHH npoeKTOB C03£aHHfl CHCTCM cnyTHMKOBOM CBH3M, 

ocHOBaHHbix Ha BMBcaeHHH Ha reocTäuMOHapHyio opöwTy Manopa3MepHwx cnyTHHKOB CB«3H| 

ocHameHHbix s^eKTpopaKerabiMM n/mMeHHbiMH HBHraTe;iHMH, c ncnojn>30BaHHeM paKeT- 
HocMTejieH cpe^Hero M jierKoro icriacca. 

B HnO MauiHHocTpoeHHH BbinoiiHHioTCM npoeKTHbie npopa6oxKM BapnaHTOB 
yHwcpMUHpoBaHHOH KOCMMMecKOH njuvrcpopMbi Ma;iopa3MepHoro reocTauHOHapHoro cnyTHMKa 
CBA3H    C    HCnOJlb30BaHHeM    B    KaMeCTBe    CpeHCTBa    BMBefleHHH    Ha    Op6MTy    KOHBepCMOHHOH 
paKeTbi-HocHTe/iH "Crpe/ia", pa3pa6cmiHHOH Ha 6a3e cHHMaeMOM c 6oeBoro ^exypcTBa B 

cooTBeTCTBMM c ßoroßopoM o coKpamenHn H orpaHHMeHHH CTpaTernyecKMX HacTynaTe^bHbix 
BoopyxeHHH MBP PC-18 (SS-19), MJIH paKeTbi-Hocme^ Ha 6a3e MBP PC-20 (SS-18). 

CxeMa BbiBeixeHHH Manopa3MepHoro cnyTHHica CBH3H Ha reocTauHOHapHyio op6HTy paKeToM- 
HocnTejie.M "Crpe/ia" c KOCMOApoMa "CBo6onHbin" COCTOMT H3 cne/i,yioinnx yqacTKOB 
'pi-ic. 1): 

ywacTOK Bbise/ieHMH  cnyTHMKa  c  pa3roHHbiM  6/IOKOM  Ha  KpyroByio onopHyio opÖHTy 
BbicoTOH 170 KM H HaKJioHeHMeM 52° (oöuuaa Macca 2100 KT); 

ynacTOK CTa6HJiH3npoBaHHoro naccHBuoro ncxneTa cnyTHMKa c pa3ronHbiM 6JIOKOM no 
onopHoft opÖHTe Ro nepeceneHH« ee c SKBaTopnajibHOM njiocKoerbio; 

ynacTOK    nepeBcaa    cnyTHMKa    Ha    nepexoflHyio    BbicoKoa/i/iHnTHHecKyK)    opÖMTy    c 
napaMeTpaMH: H„=170 KM; Ha=100 000 KM; i=52°; 

ynacTOK nepeBo/ia cnyTHMKa c onopHOM Ha reocTauHOHapHyio op6nTy. 

riepeBOH cnyTHMKa Ha BbicoKoajuiwnrawecKyio nepexoflHyio opÖHTy ocymecTBJifleTCJi nyTeM 
3aneMCTBOBaHHH TBepÄOTonjiMBHoro pa3roHHoro 6noKa. B pe3yjibTaTe o6ecnenHBaeTCH 
npMpameHMe CKOpocTM 2909 M/C (c 7806 M/C RO 10715 M/C), MTO cooTBeTCTByeT CKOPOCTM B 

nepMree 3aaaHHOM BbicoKoa^^MnTMMecKOH nepexojiHOM op6MTW. Macca cnyTHMKa B MOMCHT 

OTne/ieHMfl OT pa3roHHoro 6^0Ka cocTaB^aeT 620 Kr. flajibneHÜiee BbiBe^eHMe Ha 
reocTaunoHapHyto op6MTy ocymecTBiineTCH c noMombHD ziBHraTe/ibHOM ycTaHOBKM 
KocMHHecKoro annapaTa, BKJiroHaioiueH a^eKTpopaKeTHbie ABHraTe^M Manofi THTM (TpacTepbi). 
3TH nBHraTe^M oTJiMHaroTCH BUCOKHM ynejibHbiM-HMnyjibcoM nopHino   1500 c.  B cocTaBe 



a»««»** ycra„0BK„ Merupe oWOBpe„eK„o pa6oraK,™x „«npop.«,™ aBMraraI, 

1 - yiacroK DbiBcaeiiMH na onopiiyio op6nTy 
2 - onopiian opÖMTa (HKp = 170 KM, i = 52°) 
3 - ncpcxomia» op6nT;i (Hit = 170 KM 

Ha = 100 000 KM, i = 52°, AV,) 

4 - nepexo/umn op6ma (Hjt = I 000 KM 

Ha = 100 000 KM, i = 0°, AV2) 

5 - riepcxo/man op5nTO (Hj = 35 800 KM 

Ha = 100 000 KM, i.= 0°, AV,, AV4) 
J - rcocTauMoiiapiniM opöHTa 
1 - CliyTIIMK CBH3H 

M70. 

PHC. 1. BbiBeaeHHe MajiopasMepnoro cnytHMKa Ha reocTaiwoHapHyio opönry 

oXl ™,^^^X^^MOBaTC;,bHOC,1, 3Tan°B nePCBOÄa CnyTHHKa C nePeX°-0ft 

3ZLz^r^ol:zv^^nepHreH m—i oo° K- ™ ™- 
n5n2°LornZn°L(    "   TCMeHHM    29 BHTK0B>    n/lOCKOCTH    OpÖHTb.    HCXO^HOPO    HaiOIOHeHH« 
(i  52 ) no coBna^eHHH c SKBa-ropHajibHOH ruiocKocTbio (i=0°). 

nJn^L" yBeJImeHMe BbICOTbI nepHre* « CHHxeHHe BWCOTM anorea ao 36 000 KM   TO ecib 

ycraHOBKa BwiKwaerca Ha aopaaroH B paHOHe anore« H Ha TopMoxenne B panone nepnres 

L?::zzVv™ npHMepHo l50cyroK —*-aPaT „«<*■* Ha 
B«C

(.
e
n^

Pa-BJie«He  cny!HHKOM  ocymecTRnflerc»   asxoHOMHO,   no  aapanee  paccHHraHHOH   H 

CS^T^OH,T „,u       QBHM0C™'    6e    KOpPeKU™    Ha    6°P^V    cnyxHHKa    HMeercH cooTBercxByioma«   MMepHTanbHa«   annapaxypa   H   KOMaHÄHaa   pwrnnuHm   jm*   CB5.3H   C 

Ha3eMH«MH (aaHiuiHMH BO BpeMH npoxowcHMfl cnyrHMica B6nH3H 3eMJiH. 
nPH HcnoJib30BaHHH B KanecTBe cpe^CTBa BbiBeüeHH«  paKeTH-HocHTMfl  "Cxpe;ia" Macca 

nore3HoLHarpy3KHTaUHOHaPH°"  ^^  C°CTaBMT  52° KF'   M3  HHX   125 Kr OTBeÄeHU  Rmi 

SHepreTmecKHe xapaicrepHcraKM paKeTbi-Hocurcn* "Cxpe;ia" H KOMnonoBKa KocMHHecKofi 
ronoBHOH nacTH npeflCTaBJieHbi Ha PHC. 2. 



SHEPrETUHECKUE B03M0>KH0CTU KOCMMMECKAfl 
ronOBHAfl HACTb 

..Q&reKaTejib 

CnyTHHKCBfl3k 

/ TycnaH-MM" 

£§irP.HHblM 6flOK 

500 1000 15Ö0 2000 

BbicoTa  KpyroBoii opÖMTbi, KM 

PHC. 2. PaKeTa-HocHTonb "Crpejia". 
npH MCnO.Tb30BaHHH paKeTbl-HOCMTe/lfl  Ha Pimp  MRP  PP  OA w„„„     xs A 

op6«Te cocxaBHT , 120 «■ (Macca no« Sr^K„ 3f5 K^ H" reOCra™°"aP™« 

nÄ™iiM
H oPcyLT=rt

rarax.,Cn„eoMe0"o3canyCKa B COTeTa™H C °aCTep™" ""•' 

• PacujHpeHHbie BO3MOXHOCTM no BbiBeaeHHio CBHSHMX KA Ha opon-iy- 

'    iTacca; "  K3HeCTBe  n°nyTH°*   n0Jie3H°*  Harpy3KH  Ha  P^e-HocHT^e  raxe.oro 

• öojiee    liiHpoKHM     Bbi6op    paKeT-Hocwrejiefi    cpeÄHero     M    ^erKoro    .oiacc-i     H 
oieÄOBaraibHo, BapnaTHBHocTb B onpweneHHH aAmca aanycKoe 

• aanycK cpanHHTtaibHO HeiioporoH paxeroH-HocHTdeM Ha 6a3e KOHBepcnoHHOH MBP. 

• noHHxeHHbifl ypoBeHb pHCKa, xaK KaK B c/iynae aBaPHH npn 3anycKe repute* TO^KO 

«erb CBH3HOH eMKocTH cnytHHKa c no,HOPa3MepHb,M 60PTOBHM pexpaHcXopoM. 

• ^rHT^ZST    "    Man™BH°ro    K    ——    3anpocaM    MCCTHbIX 

• BHeÄpeHHH Ha peraoHajibHUH PHHOK ycjiyr cnyTHHKOBOH CB*3H; 

• ocBoeHM« nacTOTHoro pecypca; 



• C03HaHMfl  MHCfipaCTpyKTypbl 3CMHOrO CerMCHTa CMCTCMbl CnyTHMKOBOH CB«3M. 

•    OTHOCMTe^bHO HeBbicoKaa CTonMocTb TpaHcnonnepa  wa opfiMTe, 6/iaro/uipH CHMXCHMIO 
pacxo.no B Ha: 

• BbiBezieHHe Ha op6nTy; 

• CTpaxoBaHMe PHCKOB. 

ripcuBapHTe^bHwe 3KOHOMMiiecKne OHcnKM noKarjbiBaioT. MTO npM oxn-niaKOBOM Ka'iccruc 
npejiocTaB^HeMbix yanyr cnyxHMKOBOM CBH3H H cpoKe aKTMBHoro cpyHKUHom-ipoBaHHJi iia 
opÖMTe 10-12 neT Majiopa3MepHbiH cnyTHMK CB«3M Bbiro/iHO oTiiw-iaeToi OT cnyiHHKa c 
no^Hopa3MepHbiM 6opTOBbiM perpaHc^iJiTopoM no KpH'repnio "croHMOcTb Tpai-icnoiuiepa, 
BbiBe/ieHHoro na op6MTy", npw STOM Bbinrpbim cocTaB;uicT OT 7 AO 35% a 3aBMCMM0cxn OT 

KOHCpHrypauHH cnyTHHKa H paKera-HOCHTe/ia. 

CpaBHMTe^bHbiH ana^M3 cxeivi peajiH3aunH CHCTCM cnyTHMKOBon CB$13H C 3ancMCTBonaiii-icM 
Tpa/iHUMOHHoro BapnaHra no^HoparjMepHoro cnyrHHKa CBH3M, BbiBOHMMoro Tjixe/ibiM 
paKeTOH-HOCMTeiieM toiacca 'TIpoTOH", c KjiacrepHbiM noaxoÄOM K P33BMTMK) KOCMMMCCKOTO 

cerMeHTa, no3BOJiflK>mHM ocymecTBHTb nosTanmoe ocBoeHMe nacTOTHoro pecypca 
op6HT3JibHOH no3MUMH nyTeM pa3MemeHMH B Hen HecKO/ibKMx Majiopa3MepHbix cnyTHMKOB 
CBH3M, BbiBOüMMbix paKeTaMM-HocMTcjiJiMM zierKoro icnacca, noKa3biBacr onpenoneHiibie 
npeHMyuuecTBa noanenHeM. 



ADVANTAGES OF USE OF SMALL-SIZE COMMUNICATION 
SATELLITES ON A GEOSTATIONARY ORBIT 
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Abstract: The scheme of implementation of satellite communication system with using the 
cluster approach to development of a space segment is considered. Such approach allows to 
execute step-by-step run in of the frequency allocation of the orbital slot by using of the small- 
size communication satellites. The advantages of such scheme are present. 

The commercial attractiveness of using different geostationary communication satellites depends 
on the cost of launch of one transponder in an require orbital slot. 

Success achieved by the leading manufacturers of payload equipment and support systems as 
well as experience of Russian enterprises and scientific organizations in creation and use of 
electric-rocket plasma engines allow right now to start implementation of satellite 
communication system projects based on the launch into a geostationary orbit small-size 
communication satellites equipped with electric-rocket plasma engines by medium and light- 
class launch vehicles. 

NPO Mashinostroyenia performs design studying of versions of a unified bus of a small-size 
geostationary communication satellite. Launch vehicle "Strela" developed on the basis of a 
converted ICBM SS-19, or launch vehicle on the basis of ICBM SS-18 will be used for 
injection the satellite into a geostationary orbit. 

The scheme of putting a small-size communication satellite into geostationary orbit by "Strela" 
launch vehicle from Svobodny Cosmodrome consists of the following stages (fig. 1): 
• stage of injection of the satellite with the booster module into a circular reference orbit, 

altitude - 170 km, inclination - 52° (total mass is 2,000 kg); 

• stage of stabilized coasting flight of satellite with the booster module on a reference orbit 
up to its crossing with an equatorial plane; 

• stage  of moving the  satellite  into  a transfer high elliptical  orbit with  the  following 
parameters: HÄ=170 km; Ha= 100,000 km; 1=52°; 

• stage of transfer of the satellite from the reference orbit to the geostationary orbit. 

The transference of the satellite into a high elliptical transfer orbit is performed by running a 
solid-propellant booster module. As a result, incremental velocity 2,909 m/s (from 7,806 m/s 
up to 10,715 m/s) is provided that corresponds to necessary velocity in a perigee of the preset 
high elliptical transfer orbit. The satellite mass at the moment of separation from the booster 
module amounts to 620 kg. The further injection into the geostationary orbit is carried out 
using the space vehicle propulsion system which includes low trust electric-rocket engines 
(plasma trusters). These engines are notable for high specific impulse about 1,500 s. The 
propulsion system includes four M70 electric-rocket engines operating simultaneously. 



1 - stage of injection into a reference orbit 

2 - reference orbit (Hcirc = 170 km, i = 52°) 
3 - transfer orbit (Hrt=170 km, 

Ha=100 000 km, i=52°, AV,) 

4 - transfer orbit (H7t=1000km, 
Ha=100 000km, i=0°, AV2) 

5 - transfer orbit (HJT=35800 km, 
Hu=100 000 km, i=0°, AV.„ AV4) 

6 - geostationary orbit 
7 - communication satellite 

Fig. 1. Injection of the small-size satellite into a geostationary orbit 

The following sequence of stages of satellite transference from a transfer orbit on a 
geostationary orbit is considered: 

Stage 1 - increase of the perigee altitude(during 2 revolutions) up to a value of 1,000 km where 
aerodynamic deceleration of the satellite is absent. 

Stage 2 - turn (during 29 revolutions) of the orbital plane with initial inclination (i=52°) up to 
alignment with an equatorial plane (i=0°). 

Stage 3 - increase of the perigee altitude and decrease of the apogee altitude up to 36,000 km, 
that is transference of the satellite into a geostationary orbit. For the solution of this problem 
the propulsion system is ignited to boost the satellite in the apogee zone and to decelerate it in 
the perigee zone. 

As a result, the space vehicle is injected into a geostationary orbit during about 150 days. 

Satellite control is carried out autonomously by the program computed in advance and loaded 
in the onboard computer unit. For the supervision of orbit parameters and, if necessary, their 
correction there is the appropriate measuring equipment and command radiolink for 
communication with ground stations when the satellite passes over the Earth in the perigee 
zone. 

In case of using "Strela" launch vehicle, the satellite mass on a geostationary orbit will amount 
to 520 kg, payload mass will amount to 125 kg. 

The lifting capabilities of "Strela" launch vehicle and configuration of space head section is 
shown on fig. 2. 
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Fig. 2. "Strela" launch vehicle. 

In case of using launch Vehicle based on a converted ICBM SS-18, the satellite mass on a 
geostationary orbit will amount to 1120 kg, payload mass will amount to 315 kg. 

The comparative analysis of traditional version of heavy communication geostationary satellites 
injected by heavy launch vehicles such as "Proton", "Arian-4", "Arian-5", etc. with the 
proposed scheme of injection in combination with the cluster approach allowing to execute 
step-by-step run in of the frequency allocation of the orbital slot shows doubtless advantages of 
the latter, consisting in following: 

• Expanded capabilities in launching into orbit: 
• small communication satellite can be an piggyback payload while using a heavy class 

launch vehicle; 

• a wider choice of medium  and  light-class  LVs and as a  consequence,  variety  in 
launching schedule; 

• application of a relatively cheap LV based upon a converted ICBM for launching. 

• Reduced level of risk as in an emergency case communication capacity equal to only a half 
of that of a heavy satellite is lost. 

• Capability to completely adaptively meet the varying requirements of local operators by 
means stage-by-stage approach to: 
• entering into regional market of satellite communication services; 

• full-scale usage of a frequency band; 

• creation of a ground segment infrastructure for the satellite communication system. 



•    Relatively low cost of the orbital transponder due to reduction of expenses for: 
• launching into orbit 
• risk insurance. 

Preliminary economic estimations show that with similar quality of services rendered by the 
communication satellite and similar 10-12-years operational lifetime a small-size 
communication satellite is more profitable than a standard heavy satellite in the criterion "cost 
of transponder launched into orbit", thus a profit will amount from 7 up to 35% in depending 
on satellite configuration and launch vehicle, 



nEPCriEKTMBHAfl KOCMI1HECKA& HABHfAUMOHHAq CMCTEMA 

MeABeflKOB IO.B. (PKA), HßaHOB H.M, nonyicaeB B.H, PeBHHBbix CX, CepaiOKOB A.M., 

THXOHOB B.d). (IJHHHMAIII), raHaceHico B.IL, KoceHKO BE., He6oTapeB BE. (HnO 

nM), HsaHOBHE., CajrameBB.A. (PHHHKXI). 

1. TeHAeHl^HM    pa3BIHTMSI    CfiyTHMKOBblX    HaBHirai^MOHHWX    CMCTeM    M 

npeAnocbi/iKii ana co3AaHMisi HOBOM KOCMimecicoii HaBMraunoHHOM 

CMcreMbi (KHC). 

OnbiT 3Kcn^yaTai4nn AByx cnyTHMKOBbix paAnoHaBurauiMOHHbix cucieM 

r/IOHACC n GPS BMecTe c aHanw30M coßpeMeHHbix noTpe6HOCTeti B TOHHOM 

H HaAe>KHOM HaBurauwoHHOM oöecneneHMU BbiHBHJi pflA HeAOCTaTKOB 

cymecTByiomux CMCTGM M no3BOJiM/i onpGAG/inTb HanpaBJiGHwa nx pa3BMTMH c 

u,e/ibK) pacujupeHMfl KaTeropuM M KO/innecTBa rpaxAaHCKnx noTpeome/ieii. K 

3TMM HanpaB/ieHM^M OTHQCATCH: 

• noBbiiueHMe TOHHOCTH. HaAGXHOCTH i/i onepaTMBHOCTH 

MecTOonpeAeneHi-iq noABMXHbix noTpeöwTe/iePi, npGAbflBJifliomux 

noBbinieHHbie TpeooBaHM« K HaBuraunw v\ 6e3onacHOCTM ABHXGHMH 

(oöecneneHne nocaAKH caMO/iGTOB, CYAOBCDKAGHMG B orpaHMMGHHOw 

aKBaTopwn, xene3HOAopo>KHbiii M aBTOMo6njibHbiti TpaHcnopT, ynpaB/iGHHG 

0K0J1036MHblMH KA n AP-); 
• ynyHiiiGHne xapaKTepMCTMK AOCTynHocTM, HenpepbiBHOCTM, 

ue/iocTHOCTM (OCOöGHHO B HacTM onepaTMBHoro AOBGAGHMH AO noTpe6i/iTejifl 

HH(j)opMaunM o HapyiueHwax uiTaTHoPi pa6oTbi CMCTGM) HaBurauHOHHoro 

norm; 
• opram/i3annfl i46HTpa.nn30BaHHoro AncneTHepcKoro Kompora 

(MOHMTOpMHra) ABMXeHMfl TpaHcnopTHbix cpeACTB M 4>opMwpOBaHne 

pacnpeAeiieHHbix     cucTeM     ynpaB/iGHWH     noABWXHbiMw     oöteicraMM     c 

HCnOJlb30BaHHeM KOCMHMGCKHX TGXHOJlCTUpi HaBMraUiMM M CBH3H. 

CyLuecTByHDT ABa noAxoAa K PGLUGHWO BonpocoB pa3BMTH5i KHC. 

riepBbiPi HanpaB^eH Ha coBepuieHCTBOBaHMe xapaicrepucTMK 

AeftcTByiOLAUX   KHC   M   CBH3aH   c   co3AaHneM   Ha36MHoPi   CGTH   CTaHunii 

MOHHTOpHHra        H        nOACMCTGM        AH4>CpGpGH14Ha/lbHOM        HaBMraUMM        PJKi 

y/iyHLUGHMH      XapaKTGpMCTMK      TOHHOCTH      M      UGJIOCTHOCTH      HaBMraUHOHHbiX 

no/iGPi;        co3AaHMGM        coBMGCTHoPi        ["TIOHACC/GPS        annapaiypbi 

nOTpGÖMTG/lfl A"« y/iyHUJGHMfl XapaKTGpHCTMK AOCTynHOCTM M 

HGnpGpblBHOCTM;       HCnOJT1b30BaHMGM       CBH3HblX      yCJiyr,       npGAOCTaB/IJiGMblX 



cudeMaMM KOCMUMecKoPi CBfian, fljm nepeAann flucfxJjepeHUMa^bHbix 

nonpaBOK, MHcJjopMauww o COCTOAHHM CHCTeMbi, opraHM3aunn KOHTPOJIH M 

ynpaB/ieHna noflBMXHbiMn 06-beicraMH. Pa6oTbi no STUM HanpaBJieHUHM 

BeAyTcn B paMKax TaKHX Me>KAyHapoAHbix nporpaMM, KaK EGNOS (European 

Geostationary Navigation Overlay System), WAAS (Wide Area Augmentation 

System). 
BTopoPi noAxoA npeAno/iaraeT nocTpoeHne HOBOM KHC C 6o/iee 

BbicoKHMH xapaicrepucTMKaMM HaBnrau,noHHoro no/ia, weivi y cyiAecTByiomMX 

cucTeM, M opueHTupoBaHHOii Ha rpa>KAaHCKoro noTpeÖMTejia c 

npeAOCTaBJieHneM AonojiHMTe/ibHbix yc/iyr. 3a nooneAHwe Aßa ß,ecmvir\ei\A9\ 

npeAnoxeHO HecKO/ibKO npoeicroB HaBnrau,noHHbix cucTeM, npeieHAytoiMMx 

3aMeHMTb win Aono/iHUTb 4>ynKUnOHnpyiomMe cncTeMbi. 3TO npoeicrbi 

NAVSAT, GRANASS, GEOSTAR, GLOBSTAR n AP- 
HnTepec K LUMpoKOMy BHeApeHWO cymecTBytomMx cnyrHMKOBbix 

TexHO^ornPi HaBHraunn w K npoeKTaM HOBOM nepcneKTMBHOM KHC 3aMeTHO 

noBbicn/icfl B 3anaAHoti Eßpone B cepeAMHe 90-x TOAOB KaK oneACTBne neTKO 

BbipaxeHHOM HanpaB/ieHHOCTn 3anaAHO-eBponeMCKoro coo6mecTBa Ha 

AOCTMxeHne nporpecca n He3aBncnMOCTH B nacTM oöecneneHMH 

BbicoKOTOHHOfi HaBMranMefi eBponeMCKMX rpaxAaHCKMX noTpe6nTenePi. TaK, B 

paMKax eBponeMCKOfi nporpaMMbi EGNOS npoBOAHTca pa6oTbi, CBH3aHHbie c 

MCC/ieAOBaHneM HOBWX cnymnKOBbix TexHO/iornPi HaBnraunn w BonpocaMM 

nocTpoeHMfl nepcneicrnBHbix KHC (nporpaMMbi ARTES, NAFEX). B GTOT xe 

nepnoA cneuna/incTaMM POCCMMCKMX opraHM3au,MM (PKA, HflO F1M, PHUH 

Kn, Uyn-M) coBMecTHO c HeMeu,KMMM cneuna/iMCTaMM (cjwpMa DASA) 

npoBeAeHbi nccjieAOBannR B o6uacTH co3Aannfl HOBOM KOCMimecKoPi 

HaBnraunoHHoPi CMCTeMbi (nporpaMMa PROPNASS). Pe3y/ibTaTbi 

ncc^eAOBaHnPi nOATBepAn/in B03MOXHOCTb C03AaHMH HOBOM KHC c 

xapaKrepncTnKaMn, npeBbiwaioiMMMM coBpeMeHHbiM ypoBeHb HaBMrauMOHHbix 

cucTeM, a TaKxe pacwMpmometi cneKTp npeAOCTaB/iaeMbix yc/iyr 

AonojiHMTe/ibHOii 4>yHKU,neM AßycTopoHHefi I4,M<}>POBOM CBH3M. 

OcHOBHbie no/ioxeHMfl KOHU,eni_tf/iM HOBOM KHC npnBOA^Tcn Hnxe. 

2. Ue/in co3AaHMn M o6/iacTn npitMetieHMfl nepcneKTMBHOM KHC 
ripeAiiaraeMaa KHC npeAHa3HaMeHa pjm 4>opMMpoBaHMH moöajibHoro 

MJIW perwoHaiibHoro HaBnrai4MOHHoro nojia c 6onee BWCOKMMH 

xapaKTepncTMKaMM no TOMHOCTH, AOCTynHOCTM, nejiocTHOCTH w AP-, neM y 

cymecTByiomMX  cucTeM  GPS,   T/IOHACC,   B  MHTepecax  wMpoKoro  Kpyra 



rpa>KAancKnx noTpe6wTe/ieM. KpOMe ocHOBHoro HaaHaneHna cucnreMa MOxeT 

ncno/ib30BaTbca B KanecTBe HHCTpyMeHTa pj\n co3AaHMH onepaTWBHoro 

AUCTaHUMOHHoro KOHTpo/ifl M ynpaB/ieHMH noABHXHbiMM oöteicraMM, 

paccpeAOTOHeHHbiMM Ha 6o/ibujnx nnoiußßflx. 

K npnopnTeTHbiM HanpaB/ieHHHM wcno.nb30BaHHH HOBOM KHC OTHOCHTCH: 

• ynpaeneHMe B03flywHb!M TpaHcnopTOM; 

• HaBnraqnoHHO-CBH3Hoe oöecneneHne MopcKoro TpaHcnopTa; 

■ KOHTpoiib M ynpaBnemie >Kene3HOflopo>KHbiM TpaHcnopTOM; 

• o6Hapy>KeHMe, Komponb n nwKBUflam/isi nocneflCTBMM Hpe3BbinaPiHbix cwryauyiiA, 

cnaceHne TepnainHX 6e,qcTBne; 

• MOHHTopuHr n ynpaBneHnie aBTOTpaHcnopTOM v\ KOHTeMHepHbiMn nepeB03Kaivin; 

• c6op MeieoflaHHbix c MeTeo30HAOB, opraHH3aqnfi MOHHTopw-ira NieTeoycnoBW/i. 

3. Tpe6oBaHMn K cncTCMe 

K nepcneKTHBHOM KHC npeAtflB/iHiOTCfl oneAyioinne oömue 

TpeöoBaHnq: 

• He3aBncnMOCTb OT cyLi^ecTByKDii^nx CMCTeM GPS, mOHACC; 

■ SKcnnyaTannn n ynpaBnenne cucTeMow nofl Me^yHapoflHbiM rpa>KflaHCKMM 
KOHTponeM; 

■ 6onee BbicoKne noKa3aTenn TOMHOCTH, na,qe>KHoc™, L\enocTHocTn, 

HenpepbiBHOCTM H flociynHOCTn HaBuranuiOHHbtx ycnyr, Meivi y 

cyii^ecTByfOii^nx ci/icreM; 

■ OTcyrcTBue ceneKTHBHoro flocTyna; 

• npeflocTaBneHne, Hapnay c naBurai^neii, ycnyr no flBycTopoHHeii qncppoBofi 

CB33H noTpeßuTera c qempOM, BKTifOHaa TpaHcnymnto MHCpopMai4MH flrm 

noTpeönTeneM o LjenocTHOc™ cucreMbi n ninpoK030HHbix 

flucpcpepeHquaribHbix nonpaBOK. 

Ha ocHOBe TpeöoBaHnw noTpeönTenetö ccpopiviynnpoBaHbi ocHOBHbie 
Tpe6oBaHMfi K cucreMe, a wMeHHo: 

1. OpönTaribHan KOHCpurypani/iH flon>KHa o6ecneHHBaTb: 

nojiHoe noKpbune 3eMHOi7i nosepxHOCTn p,nn rno6aribHOM cucTeMbi n noKpbiTwe 

30Hbi   10° c.uj. - 65° aw., 11° 3.A- - 61° B.fl. AJIJR eBponetfcKoi/i cwcreMbi; 

■ 95%-to BepofiTHOCTb Haxo^eni/m B paöcmeii 30He BHAMMOCTH npi/i yrne Mecra 

Gp3>15° He MeHee 5 cnyTHHKOB (P(NBMfl>5) >0.95). 

2. XapaicrepMCTHKM pacnpefleneHna 3HaHeHntf reoMeipi/mecKux cpaicropoB 

GDOP (PDOP), npuBefleHHan oujuÖKa B nceBflOAanbHOc™ flonxHbi o6ecne4HBaTb 

TOHHOCTb (2a) MecroonpefleneHUfl no npHMbiM n3MepennHM B npe^enax 5-10 M. 



ToMHOCTb 0.5-5 M Aon>KHa AOCTuraTbc?) c ncnonb30BaHneM MeTOflOB H cpeflCTB 

AHCpcpepeHL^anbHofi HaBura^n unu pewwua u3MepeHwä Ha "cpa3e Hecymew". 

3. Bpeivm peaKi^nn cucieMbi Ha HencnpaBHOCTb « 2-3 c. 

4. CBA3b Aori>KHa SbiTb rjio6anbHotf (oxBaTbiBaTb BCK> 30Hy o6cny>KHBaHHfl p,nn 

pernoHanbHOki cucTeMbi) n HenpepbiBHort no BpeivieHH. 
CyMMapHan   apeRH**   nponycKHaa   cnoco6HOCTb   CBH3Horo   KaHana   f\r\9\ 

o6ecneHeHi/ifl uy\$poBO\A CBfi3bio noTpe6i/rrenefi B eBponeticKOM pernoHe «2M6HT/C. 

5. KoHTponb cocTOHHua cnyTHMKOBOM cucreMbi Aon>KeH 6biTb HenpepbiBHbiM u 

rno6anbHbiM. KoHTponb n ynpaBneHue flon>KHbi oöecneMHBaTbca c MaKcmviajibHbiM 

MCnOJ1b30BaHHeM HaBHraL\HOHHblX \A CBfl3HblX CpyHKl^MM CaMOM CUCTeMbl. 

4. npMHUiinbi nocTpoemi« M ocHOBHbie xapaicrepiicTMKM 
nepcneKTMBHoii KHC 

Opönra/ibHbie KOH(ptirypai-iiw 
Han6onee nepcneKTMBHbiM KnaccoM op6i/rr Ann nocrpoeHi/ia KaK moöanbHOÜ, 

TaK u pernoHanbHOM cucieM, yAOBneTBopawmvix ynoMHHyrbiM Tpe6oBaHH*M, 

flBiiJiK)TC?i aeocuHxpOHHbie HaKnoHHbie opöumbi (rCHO) (eK/novaa 

aeocmau,uoHapHbie opoumu (rCO)). 
KoHCpnrypai4Mq, KOTopan npn MMHUManbHOM Mucne cnyTHUKOB - 24 - 

oöecneMUBaeT BbinoriHeuHe ycnoeuM P(NBMfl>5) >0.95; P(GDOP<5) >0.95; Gp3>15° B 

rno6anbHOM Bapwam-e MMeeT cneAyKDinne xapaiaepucTMKn: KonnnecTBO cnyTHMKOB 

- 24; KonnMecTBO opönTanbHbix rmocKOCTew, pa3HeceHHbix Ha 120° no AonroTe - 3; 

HaKnoHeHne - 60 - 65°; nepnoA - 24 qaca. 
M36biTOHHoe MMcno HKA - 3-6 (no OTHOweHHK) K 24 HKA "MUHWvianbHOÜ" 

KOHCpurypaMMM) no3BonneT nocrponib cucTeiviy, ycroMMHByio K BbixoAy H3 crpoa 1-2 

HKA. npuwiepOM TaKOM cucieMbi HBrmeTCH cucieivia, cocroHinafl H3 30 HKA (3x10). 

PernoHanbHan (eBponewcKan) cucieivia, yAOBneTBopaKDinaa TpeSoBaHUflM Ha 

BceM cyTOHHOM MHTepBane, MO>KeT 6biTb nocTpoeHa na 6a3e 15 HKA, Bbi6paHHbix 

M3 "MMHUManbHOM" KOHCpwrypaqwi (24 HKA) moöaribHOÜ cucTeMbi. 
npoBeAeHbi npeABapmenbHbie nccneAOBanufl KOHCpurypamw nn* 

pemoHanbHbix cwcreM, He flBJiflioLUMXca MacTbK) rno6ajibHOw cucieMbi. rioKa3aHO, 

MTO MoryT 6biTb nocTpoeHbi cwcreMbi, yAOBneTBOpfltomue BceM nepequcneHHbiM 

Bbiiue Tpe6oBaHn*M Ha BCGM cyTOMHOM MHTepBane, c MMCJIOM HKA nop*AKa 10-12. 

npOBeAeHHbirt    anann3    ycTOMMMBOcru    opöwanbHbix    KOHCpurypaLjHÜ    no 

OTHOLLieHHK) K B03Myi^aK)U4HM CpaKTOpaM nOATBepAUn B03MO>KHOCTb noAAep>KaHMfl 

opönTanbHbix KOHCpurypaqnM B Tpe6yeMbix npeAenax nyreM nepnoAMMecKn 

npOBOAHMbix Koppe^nM. Ilpn STOM Ha noAAepwaHwe opHeHTaqnn H KoppeKqwo 

opönTbi HaBuramiOHHoro KA Tpe6yeTca He 6onee 25 Kr TonnuBa npn BpeivieHH 



aicrnBHoro cymecTBOBaHna cnyTHUKa 10 neT. npeflno>KeHa onTwvianbHafl CTpaTen/m 

npoBefleHHA   KoppeKTupyrou^nx   ManeBpoB,   ym/iTbiBatomafl   oco6eHHOcrn   yxofla 

CnyTHMKOB H3 "HOMMHaJlbHOpI TOHKH". 

HacTOTHbie ffnana30Hbi cucreMbi 

Ha ocHOBe i/iccneflOBaHna ,qoc™>KHMbix TOMHOCT6JM, flOCTynHOc™ MacroTHbix 

flnana30HOB, raöapirmo-MaccoBbix xapaKTepucTMK annapaiypw n ee 

3HepronoTpe6neHM?i onpedeneHbi vacmomHbie duana30Hbi paöombi cucmeMbi: 

pj\n  HaBuramiiOHHoro  curnana  -  OCHOBHCM  Bapi/iam:  Tpn  nacTOTbi  B  L- 

flnana30He, cneicrp flByx H3 Koropbix 6/ii/i30K K flnana30Hy nacTOT TJIOHACC 

(3anacHotf Bapi/ianr: oflHa nacroTa B L-fluana30He, BTopan B C-flnana30He); 

nacTOTa flanbHOMepHoro KOfla paBHa 8-10 Mri4; 

Aflfl CBq3Horo cwrnana - OCHOBHOM Bapwai-nr: S-flnana30H flnfi MoönnbHOM 

CBP3M (3anacHObi BapnaKr: C-,qnana30H), X-flnana30H flna cpufiepHOM CBH3H. 

Becoebie u anepaemu^ecKue xapaKmepucmuKu 

C yneTOM nepcneKTHBHbix jexHonornw onpedeneHbi ocHoeHbie eecoebie u 

3HepaemuyecKue xapaKmepucmuKu HaBuraLjuoHHOiTi n CBA3HOI/I none3HOM Harpy3Kn, 

cny>Ke6Hbix noflCi/iCTeM KOCMMMecKoro annapaia, onpefleneHbi KOMnoHoeoHHan 

cxeiwa u o6uu,uö oönuK mcMwecmao annapama, ero cyMMapHbie BecoBbie w 

SHepreTunecKne xapaicrepucTHKH, KOTopbie cocTaBrmfOT: oöwßn Macca cnyTHMKa - 

1000 -1250 Kr; oöu^ee 3HepronoTpe6neHne -1325 - 2550 BT. 

Pa3BepTbiBaHLie cucreMbi 

t\nn     pa3BepTbiBaHM?i    op6nTanbHoti    rpynnnpoBKn    npeA/ioxeHO    pßa 

BapnaHTa: OflHHOMHbii/i 3anycK - Hoci/ue/ib "COK)3-2" C pa3roHHbiM 6JIOKOM "OperaT" 

(KOCMOflpoM rijieceqK); rpynnoBOM 3anycK - Hocmenb "FlpoTOH-M" c pa3roHHbiM 

6noKOM "5pn3-M" (KOCMOAPOM BaftKOHyp). 

Ha3eMHbiu ceaivieHm ynpaeneHUfi 

CcpopiviynnpoBaHbi npuHminbi opraHH3ai4nn ynpaBneHna cucTeMOM n ee 

MOHHTOpuHra, 6a3npyK3innecfi Ha nflee ncnonb30BaHua ceTH Ha3eMHbix KOMaHAHO- 

TejieivieTpuMecKMx M KOHTponbHO-n3MepnTenbHbix cranium, BbinonHHK>mnx 

cpyHKqun  npneivia/nepeAaHH   KOMaHAHO-TeneMeTpninecKOM  n  n3MepmenbHCM 

HHCpOpMaqMM, Cl/1HXpOHI43aL\HH BpeMeHU, MOHHTOpMHra CUCTeMbl n 

o6ivieHHBaK)Lnnxcfi    HHCpopMaL\neM     c    UempoM    ynpaBneHUfl     cucreMOM     c 

ncnorib30BaHneM cny>Ke6Horo (cpuflepHoro) KaHana cnymnKOBCM HaBHrau^OHHO- 

CBH3HCM CMCTeMbl. 

nompe6umenbCKuu ceaMeHm 

Ha flaHHOM STane nccneflOBaHw/1 npeflBapwenbHO onpefleneHbi neTbipe 

ocHOBHbix   Knacca   noTpe6nTenbCKOw   annapaTypbi,   OTnunaioinnecn   ra6apnTHO- 



MaccoBbiMn     xapaKTepucTHKaMM,      cKopocTbio      npneivia/nepeAaHU      AaHHbix, 

noTpeönaeMort MOi^HOCTbK). 3TO: 

MaccoBan nopTaTHBHaa annapaTypa noTpeOMTenn; 

■ nopTaTHBHafi annapaTypa Tuna "HoöTÖyK"; 

•   annapaTypa flnn Mo6nnbHbix o6"beicroB; 
■ CTaL\noHapHafl annapaTypa Ana npuMGHeHun B MOPCKOM cpnoTe, aBnau|nn, >K.-A. 

TpaHcnopTe. 
P,nn Ka>KAoro Knacca onpeAeneHbi ocHOBHbie xapaiaepucTMKH. KpoMe Toro, 

onpeAeneHbi crpyKTypa vi cocraß cpeACTB noTpe6nTenbCKUx onepaMHOHHbix 

qeHTpoB. 

ripeAnaraeMbiw BapnaHT nepcneKTHBHOM KHC 6a3npyeTC$i Ha 

coBpeMeHHbix TexHOJiorMflx H sjieMeHTHofi 6a3e v\ He Tpe6yeT npcmeAeHMH 
AonoxiHUTe/ibHbix HayHHO-wccneAOBaTe/ibCKMx pa3pa6oTOK. C yneTOM onbrra, 

HaKonneHHoro BeAymwMM POCCMMCKHMH npeAnpuHTHAMU B 06/iacTM 

KOCMHHecKOii HaBi/iramM, npoeKTwpoBaHne v\ co3AaHne ocHOBHbix 3/ieMeHTOB 

CMCTeMbi (BioiiOHafl noAroTOBicy M 3anycK 1-2 sKcnepi/iMeHTa/ibHbix KA) 

pea/ibHO K Hanany aneAyiomero ßßC9iv\neiv\5\. 
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BO3MO;KHOCTH H nepcneKTttBH HcnojH>30BaHH» MBP H fiPIIJI 
B KanecTBe cpejyrrB BbiBe^eHH» mithix fcnyTHHKOB 

B. YXKHH, A. Ocafl^eHKO, n. BpacjiasCKMH, H,IlIapoB 
UHHHMam 

141070 r. KoponeB, MocKOBCKaa oÖJiacxb, 
yji. IlHOHepcKafl, 4 

OaKc; (095) 5135649 

Cxaxba nocB^meHa aHajiH3y B03MOXHOCTe« C03«aHHH H nepcneKXHBaM 
Hcnojib30BaHHa j$m BbreefleHHs MaJiwx cnyTHHKOB noffiieacamHx jiHKBHflanHH 
GanjiHCTHHecKHx paKex Ha36MHoro H MOpcKoro 0ä3HpoBaHHa. OxMe*mexca, HTO B 
cymecTByiomnx ycnoBnax orpaHHHeHHoro <})HHaHCHpOBaHHfl KOCMHHecKHX npo- 
rpaMM, npHMeHeHHe oxHOcnxejibHO AemeBbix KOHBepcHQHHfcix paKex-HOCHxejiea 
6y,n,ex cnocoöcxBOBaxb npaKXHnecKOH peaJiH3an,HH HOBHX KOCMHH^CKHX xexHOJio- 
THH H pa3BepTHBaHHio cnyxHHKOBbix CHCTeM ka ocHOBe Majifejx KA. 

CocT0:rfHHepa3p<a6otK:w H coiaamiH KQHBepcHioHHbix 
paKCT^aocHTejiefi 

B Hacxoamee BpeMa npOBO^Hxea ruHpoKOMacuixäÖHoe coKpameHHe cxpa- 
xerH^ecKHX HacxynaxeroHbix Boopy^ceHHH. 3HaHHXeJibHaa nacxb paKex y^ce JIHK- 

BHflHpoBana, o^HaKO B 6nH>KaHiiiHe 10 jiex npeflCxOMX CHaxt c BoopyaceHHa 6onee 
1000 paxex HaseMHoro H MopcKoro 6a3HpOBaHHfl. YHHixoaceHHe xanoro KOJIH- 
qecxsa paKex aBjiaexca #oporocxoameH H sicojiorHHecKH onacHon npoi^e^ypoH. B 
xo 7KQ BpeMH floroBopaMH CHB. npe^ycMoxpeHa B03MoacHocxb Hcn0Jib3OBaHHa 
6oeBbix paxex B MHpHbix nejwx pjm 3anycKa KOCMKHCCKHX oö-beKXOB. Ilo sxoMy 
Bonpocy HMeexca pa« nocxaHOBneHHH IlpaBHxenbCXBa P3>, OfloGpeHa 
"OeÄepanbHaa nejießaa nporpaMMa npoMbiniJieHHOH yxHJiroannH BoopyKeHHH H 
BoeHHoii xexHHKH Ha nepHOfl w 2000 rop;a", B Koxopofi xaioKe npe^ycMoxpeHH 
pa6oxbi no nepeo6opy,n;oBaHHK> MBP » BPIIJI B paKexbi-HOCHxenn KA. 

IJHHHMani, HHH H KB oxpacjin 6BIJIH npoBeÄeHbi cooxsexcxByiomHe 
npoeKXHbie necJießOBaHHa H noKa3ana xexHnqecKaa B03MoacHOCXb H SKOHOMH^e- 
CKaa i^en:ecoo6pa3ttocxb Hcnojib30BaHHa 3HamixeJibHOH nacxH CHHMaeMbix c BO- 
opyateHHH päKex no HOBOMy Ha3HaHemqo. npn SXOM o,n;HOBpeMeHHO peniaexca 
3a^aMa nx jiHKBHAauHH MCXOAOM nycKa. OcHoBHbie npoeKXM KOHBepcnoHHbix pa- 
Kex-HOCHxejieü npHBe^eHbi na pnc. 1. 

MaKCHManbHbie SHeprexniecKHe xapaKxeptfcxHKH HMeex PH "ßHenp", 
co3flaBaeMaa Ha 6a3e MBP PO20. /Jaace npaKXH^ecKH B mxaxHOM BapnaHxe 3xa 
paKexa co cxapxoBofi Maccog OKOJIO 210 X MOJKex BHBöCXH Ha HH3Kyio opönxy AQ 

4,5 x nojie3Horo rpysa. upn 3XOM «opaöoxKH paKex Syzryx 3aKJiK>Haxbca B H3Me- 
HeHHH anropHXMa CY, oöecneneHHH sjieKxpEraecKHx CBfl3en c KA» ycxaHOBKe xe- 
jieMexpnqecKHx cncxeM H H3roxOBJieHHH HOBOH paMbi ww ycxaHOBKH H ox^eneHHa 
KA. npHMtHeHne Ha PH "ßHenp" AOnonHHxejibHoä pa3roHHOfi cxyneHH no3BO- 
JIHX BbiBOflHXb Ha HH3KHe opÖHXbi Gojiee 5 x nojiesHoro rpy3a HJIH cymecxBeHHO 
noflHaxb Bbicoxy opönxbi (Bnxcoxb ^;o peajiH3anHH xpaeKxopHH K GjiHMcafiuiHM 
rmaHexaM). B anpejie 1998 r. .c KOCMO,npoMa BafiKOHyp ycnenmo npoBe^eH «e- 

B.yxKHH, A.OcaOTeHKo, n.EpiicjiaBCKHH, H.IUapoB 
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soBaTbca TexHOJioraH H stteMeHTbi paKeT PCM-52 H PCM-54, roiaHHpyeTCH peann- 
30BaTb HOöbie BHflw 6a3HposaHHfl a cTapTa (KopaöejibHbiH, cäMoneTHbrä). 

PaKeTa-HocHTejib "Bojffla", ccwfläHHaa Ha 6aae EPIIJIPCM-50, (cTapTOBaa 
Macca OKOJio 34 T) Hcnojib3yeTCü, B nepByKX onepeflb, npn nyacax no SajinHCTH- 
HecKHM TpaeKTopHiiM AIM penieHHa 3a«an oTpaßoTKH TexHOJioran nojiyHenHK Ma- 
TepHanoB-B ycjiöBHax KpaTKOBpeiweHHOH MHKporpaBHTauHH H flpyrnx Mccne^OBa- 
HHH. Ha^anoM KOMMepnecKoro Hcnojib30BaHHa KOHBepCHpyeMbix EPnH MOJKHO 
CMHTaTb nycK B 1995 ro^y PH "Bojina" c TepMOKOHBeKüHöHHbiM MOflyjieM Bpe- 
MeHCKoro yHHBepcHTera (TepMaHHfl). 

Hcnojib30BaHHe B KOHBepcHOHHbix paneTax yxe pa3pa6oTaHHOH H H3ro- 
TOBneHHOH MaTepnanbHOH nacTH npeflonpe^exWeT cymecTBeHHO MeHbuine 3ajpa- 
Tbi Ha co3,n;aHHe PKK H npose^eHHe nycKOB PH. 

OcHQBHbie HanpaBJieHHH Hcnojib30BaHiiH 

AHajiH3 B03MOÄHOCT6H KOHBepcHOHHbix PH (no 3HepreTHKe, raöapHTaM 
none3Horo fpy3a, Ha/jexHOCTH, cpoicaM 3KcnjiyaTau;HH, pacnonaraeMOMy KOAH- 

necTBy paKeT H T.fl.) noKa3an, mo Hcnonb30BaHHe STHX paKeT, H B nepByio oie- 
pe^b PH "^Hetip", no3BOJiHT BbinonHHTb Bee 3afla*m Oe^epaJibHofi KOCMKHCCKOH 
nporpaMMbi POCCHH no BbiBe^eHino KA jiencoro KJiacca, a TaK5Ke npoBOflHTb 
KöMMepnecKHe 3anycKH 3apy6e:acHbix KA. 

HanSojiee nepcneKTHBHO ncnojibSOBaHne KOHBepcHOHHbix paKer B cncTe- 
Max HH3KOOp6HTaJibHOH CBH3H, flHCTaHUHOHHOrO 30HflHpOBaHHfl 3eMflH>  MeTCO- 
pojioraH H HaBHraD;HH, KaK y Hac B cxpaHe, Tax H 3a py6e)KOM. BO3MO>KHO ninpo- 
Koe npHMeHeHne STHX paxeT ,znw npOBeßeHHfl Hay^Hbix SKcnepHMeHTOB B KOCMOce 
(KOCMHHecKaji TexHOJiorna, K3yqeHHe KocMnnecKoro npocTpaHCTBa H flp.). 3aaBKH 
Ha npoBeAeHHe nycKOB B STHX nejiax nocTynaiOT OT POCCHHCKOH aKafleMHH Häyic, 
pa3JIHHHWX pOCCHHCKHX H 3apy6e?KHbIX <}>HpM. EoJIbHIOH HHTepCC npeflCTaBJIHIOT 
npoeKTbi HcnoJib30BaHJM 6ajuiHCTHHecKHx paKer RJW co3p,aima raoöajibHbix CH- 

cTeM onepaTHBHOH noMom,H TepnflmHM öe^cTBHe B OKeaHe, CHCteM 6opb6bi c 
TpOnHHeClCHMH HHKIIOHaMH H .npyrne. 

PeajiH3an«H MHoroHHCjieHHbix npoeKTOB co3flaHHH KA Jiencoro n 
cBepxjierKoro KJiaccoB ß,acr B03MO)KHOCTb HafiTH CBOIO HHmy npaKTH*iecKH KaH- 
flofi H3 npe^JiaraeMbix paKer. 

OCHOBHblMH C^epXCHBaiOmHMH 4>aKTOpaMH no C03flaHHK) H HCnOJIbSOBa- 
HHK)   KOHBepCHOHHMX   paKeT   HBtiUQTCX   OTCyTCTBHe   HeOÖXOflHMblX   4>HHaHCOBMX 

cpe,ncTB H nperpäffbi 3apy6eKHbix paxeTHbix (|)HpM npOHHKHOBeHHK) OTHOCHTejib- 
HO flemeBbix cpeflCTB BbiBe^eHHa: na MOKflyHapo^HbiS KOCMKHCCKHH PHHOK. O^- 
HHM H3 nyreH peineHwj STOH 3a«aHH aBmercsi co3flaHHe coBMecTHbix npe^npHa- 
THH, HJIH 3aKJiiOHeHHe cornauieHHH c 3apy6e)KHbiMH 4>HpMaMH, B KOTOpbix HHO- 

CTpaHHaJi cTopoHa Sy^eT o6ecnenHBaTb HHBecrapOBaHHe npoeKTa H MapKeTHHr 
paxeT-HOCHTejiefi Ha 3apy6exHOM pbiHKe. 3TOT nyTb H peajiH3yeTca cennac npn 
C03AaHHH KOHBepCHOHHMX paKCT. 

TaKHM o6pa30M, B cyinecTByroinHH nepexo^Hbiii nepno^ (jjopMHpOBäHHH 
poccHHCKofi cHCTeMbi KOCMHiecKHx cpe^cTB BbiBe^eHHH, Kor^a B ycjiOBHHX orpa- 
HHHeHHoro (|)HHaHCHpoBaHHH co3flaHHe HOBoii paKeTbi-HOCHTexw jierKoro KJiacca 
oKHAaexca He panee 2007-2010 r.r., a BbinycK cjapux JierKHx paKeT-HocHTenefi 
y>Ke npeKpam;eH, BBIXO« H3 co3AaBmerocH nojio^eHHH BO3MOH6H nyT6M nepeoSo- 
pyflOBaHHa B PH 6ajuiHCTHqecKHx paKeT, CHHMaeMbix c BOOpyxeHHa. 

B.yiKHH, A..OcaflHeHKO, n.BpacnaBCKHH, H.IIIapoB 



MOHCTpaipoHHibiH nycK npOTorana PH "^Henp". C 1999 r. miaHHpyexcH Haqaxb 
KOMMepHecKHe nyCKH paxexbi. 

^JW peanH3au,HH npoeicxa "^Henp" co3flaHa MeÄ^yHapo^Haii KocMHqe- 
oca* KOMnaHiw "KocMOTpac" (B see BXO#HX TKE "KbKHoe", IIO 
"IQxMamaaBOA", AO "XapxpoH'\ PocoSmeMani, ACKOHß, H.HHHMam n pp.) 
B CoraacoBaHHOM 3aHBneHHH ITpe3H#;eHTOB POCCHH H YfcpaHHbi OT 31.05.97 r. 
co3^aHHe KOMHJieKca "^nenp" onpspQitmo KaK npHopHxqxHaa 3a,a;a*ra. 

TK HJIii; HM. M.B. XpyHHHesa pa3pa6oxaHa PH "POKOX", nCnoinapoiuia 
ÖJioK ycKopHTejia MBP PC-18 a pa3roHHHH 6JIOK (PB) "Epro", CxapxoBaa Macca 
paKeTbi -107 T, Macca none3Hog Harpy3KH Ha HH3KOH op6axe - po 1,9 T. B 1994 r. 
H3 Iliny KOCMoflpoMa BaoKOHyp npoBefle« nepBtiä ycneurabra nycK sxofi PH c 
BbiBe^eHHeM na oKono36MHyio opÖHxy cnyTHHKa CBJBH, C 1999 r. nJiaHHpyexca 
npoBOflHTb nycKH PH "POKOT" C KOCMCyjpoMa njieCeux H3 ria3eMHoß nepeoöopy- 
AOBaHHofi ny PH "KOCMOC". 

Hno MauiHHocTpoeHHa no^roxoBJien npoeKT PH "CxpeJia" Ha 6a3e MBP 
PC-18 (cTapTOBaa Macca - 105 T, nojie3Haa Harpy3Ka - po 1,7 T), HepBbift nycK 
npe^nojiaraeTCH B 1999 r. c KQCMo#poMa BaiiKOHyp. 

HTU, "KoMtiJieKc-MHT" (MQCKOBCKHH" HHCXHxyx xemioTeXHHKH) pa3pa- 
6oxaHO ceMeücxBO xpaHcnopxaöejibHtix PH "Crapx", Hcnojib3yiomHx xexHOJio- 
THH H ajieMeim&i noÄBHKHoro PK PC-12M (nojie3Ha;? Harpy3Ka PH "Cxapx-1" - 
po 0,6 x, cxapxoBan Macca - 47 x), PH "Cxapx" - cooxBexcxBeHHO 0,9 T H 60 x. B 
1993 r. npoBefleH nepBbifi nycK PH "Cxapx-1" (ycneumuH), B 1995 r. - PH 
"Crapx" (aBapHHHwii). HycKH rrpose^eHBi c Ha3eMHMx XlY KOCMo^pOMa IDie- 
ceuK. B 1997 r. CHOBOro KOCMO^poMa CßOÖoflHbiH npoBe^eHO ppa KOMMepnecKHX 
nycxa PH "Cxapx-1". 

KB <lIO»:Hoe no^roxoBJierio npejpiojKeHHe no Hcnojib3OBaH0io XBepflOxon- 
JIHBHOH MBP P022 ppa 3anycKa KA Maccog po 1,5 x. HycKH MOXHO npOBOflHXb 
H3 Uiny KOCMO^poMa njieceiut, HJJH C ÄejieSHOflOpoxHofi nnax^opMbi. 

rPH, "KB HM. aKafleMHKa B.n, MaKeeea" pa3pa6oxaHo HecKOJibKO npoeK- 
XOB PH Ha 6a3e BPnJI. ' 

OflHHM H3 xawHtx upoeKxoB HBJiaexca KOMiuieKc "IIIxHnb", pa3pa6axbiBae- 
MbiH Ha 6a3e BPnJI PCM-54 (crapxoBafl Macca paicexbi OKOJIO 40 x). 

nepBHH 3xan pa3pa6oxKH - PH "UIxHJib-1". B SXOM sapHaHxe nojie3Haa 
Harpysica (Maccon po 100 Kr) pa3Memaexca B mxaxHOM oxceKe, nycKH paKexw 
ocymecxBjwioxcH c rioßBOflHoM JIO^KH xnna "ßeJibcJwH". B HKWie 1998 f. c 
nonBOflHOH JIO^KH ycneuiHo npOH3Be^;eH nepB&in nycK PH "Ulxnjib-l" C 
Bbme^eHHeM Ha OKOJio3eMHyioio opßnxy HeMeincoro Majioro cnyxHHica. 

Ha BXopOM sxane (PH "IHxHJib-2") npOBOffaxca .nppaöoTKH paKeXbi B 
nacxH yBejiH^eHHH oxeeKa nojie3Hofi Harpy3KH H ycxaHOBKH (npH Heoöxo^HMocxH) 
flonOJiHHxeubHoH pasroHHOH cxyneHH. Macca none3Horo rpy3a PH "IIIxHJib-2" 
B03pacxex po 350 Kr. HycKH PH; "IHxHnb-2" Moryx npoBo^nxbCH c Ha3eMHOro 
CTapxoBoro KOMnracca. 

npoeKXbl PH "npH60H" H "UIXHJIb-3" B aBHaHHOHHOM ("AapOKOCMOC") H 
Ha3eMHOM ("CeBepKOCMOc") BapnaHxax oöjia^aiöx cymecXBöHHO OOJIMIIHMH 
SHeprexH^ecKHMH BO3MO>KHOCX3MH, neM PH "IHxHJib-1". ÖHH HMeiox cxapxoByio 
Maccy po 104 x ("npHÖOH") a OKOJIO 45 x ("IUXHJIB-3"). 3XH PH CIIOCOÖHH po- 
cxaBJiaxb na HH3KHe op6jtxbi KA Maccofi: po 2,4 x ("npHÖog"), AO 0,95 X 

("AapoKOCMOc"), po 0,4 x ("CeBepKocMQC"). B 3XHX npoeKxax AOJIHCHBI Hcnojib- 
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This paper addresses the possibilities of implementation and prospects of 
utilization analysis to be destruction ground and sea-based ballistic missiles for 
small satellites launching. It is stated that in existing conditions of space programs 
limited funding relatively low-cost conversion Launch Vehicles (LV) 
utilization will promote practical implementation of new space technologies and 
based on small spacecrafts (S/C) satellite systems development. 

State of Conversion Launch Vehicles Development and Production 

Nowadays a large scale strategic weapons limitation is being performed. Most 
of the missiles were destroyed already, yet during the nearest 10 years it is 
necessary to remove more than 1000 ground and sea-based missiles from service. 
Destruction of such quantity of missiles is an expensive and ecologically 
dangerous procedure. At the same time agreements on startegic offensive weapons 
allow possibility of military missiles utilization as space objects launched for peace 
purposes. There are some RF Government decisions on this item. "The Federal 
target program of weapons and military technics industrial utilization up to 
2000th year" was approved. In this program also provisioned the works on 
reequipping of Intercontinental Ballistic Missile (ICBM) and Submarine-Lauched 
Ballistic Missile (SLBM) into LVs for S/C. 

Branch design bureaus, scientific-research institutes and TsNIIMash have 
executed appropriate design investigations and demonstrated technical possibility 
and economical expediency of the great portion of removed from service missiles 
using for new purposes. Simultaneousily it solves the task of their liquidation with 
the help of launching. The figure 1 shows the basic designs of conversion LVs. 

The "Dnepr" LV developed on the base of SS-18 ICBM has the maximum 
power performance. Even practically in the baseline option this missile with 
launch weight about 210t can place into Low Earth Orbit (LEO) payload with 
weight up to 4,5t. By this the missiles upgrading will include control system 
algorythm modification, electrical connections with spacecraft providing, 
telemetry systems installing and producing of new frame for S/C mounting and 
separating. Utilization of additional upper stage with "Dnepr" missile will allow 
to place into LEO more 5t of payload or essentially to raise orbit height (up to 
flights to the nearest planets). The "Dnepr" LV prototype was launched 
succesfully for demonstration purpose from Baikonur cosmodrome in April 1998. 
It is planned to begin missiles commercial launchings in 1999. 

For "Dnepr" project realization the "Kosmotras" International Space 
Company (ISC) (including State Design Bureau "Yuzhnoe", Production 
Association "Yuzhmashzavod", Stock Company "Khartron", Rosobschemash, 
ASCOND, TsNIIMash and oth.) was established. The complex "Dnepr" creation 
was defined as priority task in joint statement of Russia and Ukraine presidents 
31.05.97. 

Khrunichev State Research and - Production Space Center (Kh SRPSC) 
developed the LV "Rokot" which used booster from SS-19 ICBM and "Breeze* 
upper stage. Weight at launching is 107t, payload weight at LEO— up to l,9t. 
First successful launching of this missile was executed from Baikonur cosmodrome 
silo-launcher with placing into orbit communication satellite in 1994. It is planned 
to start LVs "Rokot" launchings from upgraded ground "Cosmos" launcher of 
Plesetsk cosmodrome since 1999. 

V.Utkin, A.Osadchenko, P.Braslavskii, I.Sharov 
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Scientific-Production Machine Building Association (NPO Mashinostroenia) 
prepared the «Strela» LV project on SS-19 ICBM base (launch weight is 105t, payload 
weight— up to l,7t). The first launching is planned in 1999 from Baikonur 
cosmodrome. 

Scientific and Technological Center (STC) «Complex-MIT» (Moscow Institute of 
Heat Engineering) developed transportable LVs family using elements and technologies 
of transportable SS-25 missile complex (launch weight— 47t, «Start-1» LV payload 
weight — up to 0,6t), «Start» LV — 60t and 0,9t accordingly. The first launching of 
«Start-1» LV was executed in 1993 (succesful), «Start» LV launching — in 1995 
(emergency). Launchings were executed from the ground launchers of Plesetsk 
cosmodrome. Two commercial launchings of «Start-1» LV were executed from 
«Svobodny» cosmodrome in 1997. 

The «Yuzhnoe» Design Bureau prepared the proposal on the use of solid-propellant 
SS-24 ICBM for S/C with weight up tp l,5t launching. It is possible to execute 
launchings from Plesetsk cosmodrome silo or from platform. 

The State Rocket Center Makeyev Design Bureau developed some LVs projects on 
base SLBMs. 

One from these projects is «Shtil» complex developed on the base of SS-N- 
23 SLBM (missile launch weight is about 40t). 

The first phase of development is «Shtil-1» LV. In this option the payload (weight 
up to 100kg) is accomodated in existing compartment, launchings are executed from 
«Dolphin» type submarine. The «Shtil-1» LV first successful launching with small 
German satellite placing into LEO was executed from submarine in July 1998. 

During the second phase («Shtil-2» LV) missile upgrading for payload 
compartment increasing and additional upper stage installing (if it is necessary) are 
being executed. The payload weight of «Shtil-2» LV will be increased up to 350kg. LV 
launchings will be executed from the ground launcher. 

«Priboy» and «Shtil-3» LV projects in aviation («Aerokosmoc») and ground 
(«Severkosmos») verisons have essentially larger power possibilities than «Shtil-1» 
LV. They have launch weight up to 104t («Priboy») and 45t («Shtil-3»). These LVs can 
place into LEO S/C with next weights: up to 2,4t («Priboy»), up to 0,95t 
(«Aerokosmos»), up to 0,4t («Severkosmos»). In these projects SS-N-20 and SS-N- 
23 missiles technologies and elements must be used, it is planned to realize the new 
methods of basing and launching (ship, aircraft). 

«Volna» LV developed on the base of SS-N-18 SLBM (launch weight about 34t) is 
used first of all for launchings into ballistic trajectories for matherial producing 
technologies experimental development in short-term microgravity environment and 
other investigations. It can consider the launching of the «Volna» LV with 
termoconvection module executed by Bremen university (Germany) in 1995 as start of 
conversion SLBM commercial utilization. 

Using in conversion missiles early developed and produced hardware predefines 
essentially less expences on space rocket complexes development and launchings. 

Utilization basic directions 

Analysis of conversion LVs possibilities (power, payload dimensions, reliability, 
working life, disposed missiles quantity, etc.) showed that these missiles and «Dnepr» 
LV first of all would allow to execute all the tasks of RF Federal Space Program on 
light-weight S/C launching, and foreign S/C commercial launchings. 

It is the most perspective to use conversion missiles in low-orbit satellite 
communications systems, for Earth remote probing, meteorology and navigation in our 
country and abroad. It is possible to use these missiles for scientific experiments 
excuted in space (space technology, space investigations etc.). Requests on launchings 
with these purposes were received from Russian Academy of Sciences, various 
Russian and foreign companies. The projects of ballistic missiles usage for global 
systems development, for operative help in sea catastrophes, for tropical cyclones 
warning etc. are very interesting. 
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_ Implementation of light-weight and super-light-weight S/Cs numerous projects will 
give possibility to find own place practically for each from proposed missiles. 

Basic restraining factors on conversion missiles development and utilization are 
absence of necessary investments and foreign companies obstacles for relatively cheap 
LVs penetration at international space market. One of the ways of this task decision is 
establishing of joint enterprises or concluding of agreements with foreign companies in 
which foreign partner will provide project investing and LVs marketing on foreign 
market. This way is being realized in conversion missiles development now. 

Thus during current transitional period of forming of Russian system space 
launching facilities when in conditions of limited financing the development of a new 
light-weight LV is considered not earlier than 2007—2010 and old light-weight LVs 
production was ceased, exit from existing state is possible by means of reequipping into 
LVs removed from service ballistic missiles. 
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JIETKHE PAKETbl-HOCHTEJIH HA EA3E 

EAJTJIHCTHqECfCHX PAKET, CHHMAEMHX C BOOPYXEHMfl. 

nEPCnEKTHBbl POCCMHCKOrO H YKPAHHCKOrO COTPy^HHHECTBA 

C.H. KOHIOXOB, IOA.CMeTaHH(H, O.H. JlpoöaxHH 

(TKE "KbKHoe" HM.M.K.HHrejw, rJjHenponeTpoBCK) 

OcHOBHBie npeflnocBMKH jyvi Hcnojib30BaHHH paKeT PC-20. 

B HacTOflmeM ßOKJiaae paccMorpeHbi ocHOBHwe oco6eHHOCTH co3flaHHH paKerbi- 

HOCHTejiH "Raenp" mix sanycica KOCMiroecKHX o&beieroB B MHPHBBC uejwx Ha 6a3e 

6ajuiHCTHqecKHX paxeT PC-20, CHHMaeMHx c 6oeBoro Äe>KypcTBa. 

JloroBopoM o coKpauieHHH H orpaHwqeHHH CTpaTeranecKHX HacTynaTejibHbrx 

BoopysceHHH npeaycMOTpeHo cHjrrae c 6oeBoro aexypcrBa H yHHrrcwceHHe OKOJIO 300 

MEP PC-20. JlHKBHmaqiM paKe-T nyreM yHwrroKeHUH - floeraTOHHO ÄoporocToamaa 

npoue/iypa no aeMOHTaacy H, co6cTBeHHo, yHHHTOiKeHHio paKeT (250 MJiH.pyö Ha 

paKeTy).BMecxe c TeM, floroBopoM pa3peruaeTC» HcnojiwoBaHHe paKeT PC-20, CHHTBEC 

C EH, PJW "aOCTaBKH OÖbeKTOB B BepXHHe CJIOH aTMOC<pepbI HJIH B KOCMOC". (CTUTbH 

IV, n.4.8 CTAPT-1; CXOTM II, n.6 CHB-2). TexHmecKHe BO3MO5KHOCTH MEP PC-20 

no3BOjDHor: 

- c BMCOKOH cTeneHBK» HaaeacHOCTH (0.97) oSecneHHTB BbiBe^eHHe Ha 

OKOjio3eMHbie KpyroB&ie H ajuiHnxHHecKHe opÖHTbi KocMHHecKHx armapaTOB BBCOM 

3...4 TOHHbi; 

- Hcncwib30BaTb HMeiomyrocH 30Hy JJJIX pa3Meiii;eHHH nojie3Horo rpy3a o&beMOM 

21M
3
; 

- HenojiMOBaTb mm 3anycKa KA HMeromnecH K HacTonmeMy BpeMeHH 6ojiee 200 

paKeT; 

- Hcno^b30BaTb    cymecTByiomyK)   HHcppacTpyicrypy   KOMimeKca    PC-20   Ha 

KOCMOflpOMe    EaHKOHyp    (Iiy,    KJI,    Til,    H3MepHTejn»HMH    KOMIKieKC,    nOÄBHXHOe 

TexHojioraqecKoe oöopyÄOBaHHe. 

PaÖOTbl    HO    C03ZtaHHK)    KOMIIJieKCa    "ÜHenp"    IIpOBOÄflTCH    B    COOTBeTCTBHH    c 

JlocTaHOBJieHHeM npaBHTeji'bCTBa PO or 22.10. 92r. N°820, OT 25.05.94r. Ns548 H 

onpe/iejieHbi B CorjiacoBaHHOM 3aaBjieHHH npe3Hfl6HTOB POCCHH H YKpaKHbi OT 

31.05 97r. KaK iipHopHTeTHa« 3aflaqa. BwnoJiHeHHe TaKOH paoorbi TpsÖyeT HazjeacHoro 

H TecHoro coTpyoHHHecTBa; MHHO6OPOHM PCD, cneuHajtH3HpoBaHHbix KB, HHH H 

3aB0ÄpB. B ÖJiHacaKUieM öyaymeM 3ia pa6oTa KBHTCH OCHOBOH nanenbHoom 

MoKayHapoaHOM KocMtiraecKOH KOMnaHHH "KocMOTpac", co3,a(aBaeMOH npeÄnpHHTH«- 



MH POCCHH H YKpaHHM. 

OcHOBHBie HanpaiuieHHa pa6ar no co3flaHHio PKK "ßnenp" 

npoBeÄeHHbie TKB "IOXCHOC", AO "ACKOHZT,  "KocMnaecKaa HHoycTpHa" H 

ÄpyrHMH   OpiaHH3aUHHMH   paÖOTM   no   HCCne/JOBaHHIO   B03M05KHOCTH   HCn0JIb30BaHHtf 

paKeT PC-20 B KaaecTBe paKeT-HocHTCjieH jyw raanycKa KA noKasajin, MTO raicoH 

noiwon no3Bojijrr oöecneaHTb peinemie pan;a Hapomroxo3SHCTBeHHbix H cnemiajTbHbix 

3a#aa npH 3HaaHTejibHon SKOHOMHH MaTepnajiBHtrx cpeacTB (opÖHTajiBHaa CBa3b, 

ÄHCTaimnoHHoe  30HzmpoBaHHe  3eMJin,  KocMnaecKaa  TexHOJioraa,   SKOJioraaecKHH 

MOHHTOpHHT  3eMJIH,   CHCTeMa SKCTpeHHOH  nOMOIUH  nOTCpneBBIHM   SeflCTBHe   H Äp.). 

MccjieflOBaHHH npoBeneHM npHMenHrejiBHo K cjieayionmM HanpasjietmaM 

Hcno^fa30BaHHH paKeTH PC-20: 

- c npHMeHeHHCM nrraiHOH pa;»roHHOH CTyncHH pw aanycxa KA rana 

"TeJieaecHK", "Dio6ajicTap", "HpHmnyM" H up.; 

- c npuMeHeHHeM OTpaßoraHHOH pa3roHHoft CTyneHH paiceTH-HocHTejia 

"HHKIOH" C nejibio noBbinieHH« SHepreTHaecKHX B03MoacHocTeH H pacniHpeHna 

HHana30Ha BBICOT BMBeaeHHa KA. 

ÜJia Kaxaoro HanpaaneHHa npHHara ocHOBHbie npHHmnibi pa3pa6oTKn: 

- MaKCHMajibHoe Hcnojib30BaHHe paHee co3ziaHHbix H oTpa6oTaHHbix CHCTCM H 

arperaTos; 

- peariH3anHH oTpaßoTaHHoft TexHojioraH paöoT npn CHHTHH H nocjie cmrrna 

paKeT c 6oeBoro ziexypcTBa c yroaHeHHeM B aaera ocHameHHH paKexti KA; 

- Hcnojib30BaHHe Tpacc nojieTa c BbmejieHHbiMH panoHaMH «JIH nafleHHa 

oTüe^HBKiHxca aacTeft paKeTbi; 

- oöecneaemie npneivia H oöpaöoTKa TejieMeTpmecKOH HHepopMaruiH c 6opTa 

paKeTH-HOCHTeJIH H KA CymeClByK>mHMH H3MepHTeJIbHbIMH KOMroieKcaMH. 

Ba3HpOBaHne KocMnaecKoro paKeraoro KOMiDieicca "ßHenp" npejiycMarpHBaeTca 

Ha KocMoapoMe EamcoHyp c Hcnoji&30BaHHeM HMeiomeöca HHcppacTpyKrypw 

KOMnfieKca PC-20. 

PH "ÄHenp" co uxraTHOH paaroHHoft eiyneHbio" 

PaKeTa-HocHTejib co iirraTHOä pa3roHHon cryneHbio paKeTbi PC-20 MosceT 

o6ecneanTb sanycK KA rana "TejieziecHK", 'Tjio6ancTap", "HpHflnyM" H np. Ha 

KpyroBbie op6nTw BMCOTOH 700 - 900 KM. KA c npocTaBKon BMecTo 6oeBon EH npn 

noMomn   BHOBb   iwroToBJieHHOH   paMW   ycraHaBTOBaeTca   Ha   Kopnyc   pa3roHHOH 



cxynenn. 3amma KA or naöeraiomero aapoanHaMiwecKoro noxoKa oGecnenHBaexc* 

nnBrauM'ronoBHHM aapqnHBuaneani ofoeraiaioM, Koxopbril ycxaHaBHHBaexcH Ha 

nepexoflHHK oöxeicaxejw. B Kaiecxse nepexoÄHHKa npHMensexc* BHOBB 

pa3pa6oTaHHBift .vwnvpmccinA oxceK (L=2080 MM), ÄonoHHwreiiBHO 

BBinojiHHiomHH 4>yHK0Hio annnu KA ox ra30ÄHHaMinecKoro B03AeHcxBHH (paxejia 

nPH paöoxe £Y Pa3ronHoa cxyneHH. BHyrpeHHHe OGKMU no« ooxeKaxejieM H 

nepexoflHHKOM oGrauuia oöpaayior 30Hy nojieaHoro rpyaa. B cjiysae 

Heo6xoÄHMocTH 30Ha Moacex Gua-yBoancm 3a COT ywiHHeHH* mwHHÄpmecKOH 

nacTH nepexoÄHHKa (HanpHMep, äJW KA "TeJieÄecHK" AL ?r 1420 MM). 

flBHraxejiH Bcex ciynewä paxOTH PC-20 HcnojiwyioxcH 663 Äopa6oxoK. CncxeMa 

ynpawieHHH paicexH-HocHxejw - nrraraaK, Äopa6oxaHHaH B nacx« nporpaMMHO- 

MaxeMaTHHecKoro o&cneqeHHJi, ajieKxpmecKOH CBH3K KA c HaaeMHoft npoBepoHHO- 

nycKOBOH annapaxypoÄ, mm CHyxeOHbrx KOMana B KA B npouecce npeÄcxapxoBOH 

nozrroxoBKH H nojiexa. 
Cxapx   PH,   paanuwieime   cxyneHeji,   oxÄejieHHe   KA  ox  paaroHHOH   cxyneHH 

npoH3BOÄHXc« no cxeMe, npHHaxoa fljix PC-20. 

PaKexa-HocHxejiB "Änenp" co mxaxHOH paaroHHOH cxyneHbio oGecneHHBaex 

BHBeÄeHHe Ha KpyroBBie opönxbi BBICOXOH 250-900 KM, Ha*oioHeHHeM 46° KA BCCOM 

4000-400 KT cooxBeTcxBeHHO. 

PaKexa-HOCHxejib c pa3roHHOH cxyneHbio PH "UHKJIOH" 

#M pacnrapeHHfl: zmanaaoHa BHCOX BbiBeaeHiw KA paKexoii-HOCHxejieM, no 

cpaBHeHHK) c PH co mxaxHOH pasroHHÖH cxyneHbio, paccMOxpeHa paKexa-Hocmejib c 

oxpaGoxaHHOH paaroHHOH cxyneiaio Hocnxe^ "UHKHOH". B ÄaHH0H MOAHcpmcanHH 

npn nepeo6opyÄOBaHHH paKexbi PC-20 B paKexy-Hocnxejib 6oeBax paxexa aaMeiwexcH 

Ha KocMHHecKyio n, cocxoamyro H3 paaroHHoä cxyneHH C5M c KOCMKHCCKHM 

annapaxoM, rojioBHoro aapOÄHHaMiwecKoro o6xeKaxeJi* H nepexoÄHoro oxcexa HOBOH 

pa3pa6oxKH. 
QrceK cHcxeMM paraenem« paKciw PC-20 nepeooopwercH B npHobpHMH 

oxceK, HPH MOM c Hero ÄeMOHXHpyioxcH ÄBHraxejib, xmnraHMe 6aKH H 

ycxaHaBJiHBaexcH cacxeMa xejieMexpiwecKHX H3MepeHHH H Äopa6axBiBaexcH cacxeMa 

ynpaBJieHHH. 
Ha npH6opHWH oxceK ycxaHaßjTHBaexca KOCMHHecicajä rojioBHaa nacxb (KTH). 

IlepBaH H Bxopaa cxyneHH paKexbi PC-20 He aopaöaxbiBaioxcH. 

npn BHBeÄeHHH KA ynpaaiieHHe Ha yqacxKe nojiexa nepBOH H BXOPOH cxyneHeft 



ocymecTBJiaeTCK annaparypoH CHCTCMH yripäBJieHH« paiceTbi PC-20, a Ha yqacTKe 

nojieTa pa3roHHOH CTyrieHM - annapaxypoH aBTOHOMHoft CHCTCMM ynpaBJieHHfl 

pasroHHoft ciyneHH C5M. ßopaöoTKa CHCTCMH ynpaitneHHH paKeT PC-20 

ocymecTEnseTca B iuiane oöecneneHHa HOBOH nporpaMMH nojieia paKexH-HocHTejM, 

BbWaHH Heo6xOÄHMbD£ KOMaHfl H HHCpOpMaUHH Ha KTH H 3ai<OIK)HaeTCH B ÄOpa&TKe 

nporpaMMHo-MaTeMaTH^ecKoro  o6ecneHSHHH,   ome;ibHbix  npHÖbpoB  H  Ka6ejiBHoft 

C6TH. ÄJIH yBH3KH C PH pa3rOHHaH CTJOieHb C5M ÄOpa6aTHBaeTC5I B'qaCTH BBeaeHHH 

npHßopa c nporpaMMaivm BbiBeßemra KA, CB»3H C CY HOCHTCJIH, HSMeHeHH» CXCMH 

oTflejieHHa cTyneHH or  HOCHTCJIH  H yBH3KH  c  Ha3eMHbiM  npoBeporao-irycKoBbiM 

3,T[6KTpOo6opyÄOBaHHeM. 

CxeMBi cTapTa, aanycxa ABHraTejieft H pa3flejieHHa ciyneHeü cooTBeTCTByior 

peajiH30BaHHBiM Ha imaTHOH paiceTe PC-20. 

PaKeTa-HocHTejib c pa3roHHOH ciyneHbro C5M oßecne^HBaeT cjieAyionme 

3HepreTHHecKHe xapaiaepHCTHKH (ßjix xapaicrepHbix OP6HT): 

BbicoTa KpyroBOH op6iiTM, KM 250 1700 

HaKjioHeHHe opÖHTbi, rpaa 65 98 65 98 

Bee nojie3Horo rpyaa, KT 4000 3500 2800 2000 

CrapTOBblH H TCXHHHeCKHH KOMIXJieKCW 

ÄooöopyaoBaHHe erapxoBoro H xexHHHecKoro KOMIUICKCOB npcaycMarpHBaercK 

ocymecTBjiKTb no pecypcoc6eperaiomeH xexHOJioraH c MaKCHMajiwibiM 

Hcno^b30Ba.HHeM   cymecTBjoomHx   yantoB   H   arperaxoB   ny,   KIT,   cymecTByiomax 

COOpyiKeHHH,   JIHHHH   CBH3H,    KOMMyHHKaUHH   H   T.n.,    npHM6HHBHIHXCH   paHee   MX 

OTpaSoTKH MBP PC-20. 

no pe3yjibxaxaM peKorHocirapoBOTOMX pa6oT 1996r. (aicr OT 18.04.96r.), HCXOäS 

H3 MHHHMajibHbix o6i.eMOB flopaGoTOK, HaH6o^ee uejiecoo6pa3Ho Hcnojib30BaHHe ny 

miomaaoK 109, 106 H 103. B laraecTBe Kn ami npoBCÄeHHH nycKOB PH uejiecoo6pa3- 

HO HcnojibsoBaHHe cymecTByiomero Ha3eMHoro KII, pacnojioaceHHoro Ha im. 111/2 H 

oöecneHHBaiomero npoaefleHHe nycKOB patceT PC-20. 

ny mi. 103, 109 H KOMamiHMH nyHKT ÄOpa6aTbiBaioxcfl B iuiaHe oSecneMeHHH 

paöoTocnocoÖHocTH mxaTHoro KOMrureKca ztßyx Mo;uicpHKauHH. ßopa&OTKe, B 

OCHOBHOM, noanexHT ny ixji.106,  BBeaeHHaa B 3Kcnjiyaxan,Hio B  1973  ro^y,  H3 



#opa6oTKa annapaiypM cHcxeMbi ynpafiJieHHn; 

- nepeo6opyn;oBaHHe cxapTOBoro H TexHiwecKoro KOMIW6KCOB. 

CpOKH H 3Tanw pa6or: 

- paapa6oTKa H BbinycK oprrexnoKyMeHTOB Ha coaoaHHe KOMiuieicca, Hfl Ha 

pa3pa6oTKy ÄonojmeHHH K 311, aonojiHCHHa K 311, Hfl Ha KOHCTpyiaopcKyio 

ÄOKyMeHTamno - Hcrape KBapxajia; 

- pa3pa6cmca KOHcipyKropcKOH ÄOKyMemauHH - ÄBa KBaprajia; 

nooroTOBKa     npoH3BoacTBa,     HarcrroBJieHHe     Mamacrn     H     Ha3eMHas 

3KcnepHMeHTajibHaa OTpa6oTKa - OB& KBaprana; 

- nepeoÖopyÄOBaHHe o6beKTOB KOCMOjjpoMa (Be^ercH napanuiejibHo c 30) - «sa 

KBaprajia; 

- aopa6oTKa flByx PH, KOMiuieKcnwe KcnbrraHH» Ha CK - QOHH KBapraji; 

- npoBewHHe JieTHbix HcnbrraHHH (ms& Haaejraa) - OAHH KBapraii, 

ripH npHHHTHH peineHHH o co3«aHHH PKK Ha 6a3e paiceTbi PC-20, no MHSHHIO 

rojioBHbix pa3pa6oT4HKOB, HMeroTca Bee npeflnocbuiioi JWX 3aBepmeHHH paöoT Hepe3 ~ 

2.5 ro^a npH HajIHHHH (pHHaHCHpOBaHHH. 

npHHSTbie      npHHimnbi      coa^amui      KOMiuieicca      "flHenp"      no3BOji»K)T 

npOrH03HpOBaTb   CTOHMOCTb    nyCKa   3HaHHTejIbHO   HH)Ke,    HeM    npH   Hcn0JIb30BaHHH 

BHOBb H3roTaBjiHBaeMoro HOCHTCJIH (C yneTOM Heo6xoÄHMoro oGbeivta aopaooroK PC- 

20 H BoccTaHOBHTCjibHHX pa6oT Ha cTapTe). OimaHCHpoBaHHe npoexra "flHenp" 

njiaHHpyeTCH, B OCHOBHOM, H3 BHe6ioAX6THbix HCTOMHHKOB (oruiaxa nycKOB 

3aKa3iHKaMH, saeMHbie cpeacraa, HHBecTHUHH OT noreHUHaJibHMx napraepoB), 3a 

HCKjiioHeHHeM orpaHHHCHHoro 6KWKeTHoro (pHHaHcnpoBaHHH Ha HanajibHOM arane 

paöoTW. 

Koonepaimfl pa3pa6anHKOB 

B POCCHHCKOH «PeÄepamiH H YKpaHHe cymecrayeT Koonepaima npeAnpHHXHH, 

opraHioanHH H BOHCKOBMX qacreft, co3aaBniHx H sKcnjiyaTHpyiomHx KOMiuieKc c 

MBP PC-20 H cnocoÖHbix ocymecTBHTb npoeicr "flHenp". flna ero peajuoanHH B 

COOTBCTCTBHH c MeMopannyMOM PKA H HKAY or 12.11.96r. coanaerca coBMecraoe 

poccHficKO-yKpaHHCKoe npeflnpHHrne (CII) "KocMorpac", B cocraB Koroporo BXO««T: 

1. Or POCCHH - PoccHHcKoe KocMHHecKoe areHTCTBO, AO "Poco6meMain", AO 

"ACKOHT", KB cneiniajibHoro MaiuHHocrpeHHfl, KB xpaHcnopTHoro ManraHocrpo- 

eHHH, UHHH MauiHHocTpoeHHa. 

2. Or YKpaHHbi  -  HannoHajibHoe  KocMiraecKoe  areHTCTBO  YKpaHHbi,  TKB 



"lOiKHoe" no "lOacMamsaBOfl", AO "XapxpoH". 
Btzn^HeHHe pa6ox no KOM^eKcy "Änenp" rniaHnpyexc* ocywcnHMn. na 

floroEopHoÄ ocHo«e M«*y CII «KocMOxpac" B HenocpeÄcxBeHHBiMH ncnonwr^nm 

pa6ox - npc^npH«™™, opraHBsanasMB PKA, HKAY B MHHO6OPOH,I. Ilepeoöopy- 

ÄoBaHHe MBP PC-20 B paKexy-HOCBxe^ "flHenp" npcAno^exc* ocymecnuian. Ha 

KocMOApoMe BafeoHyp cH»aMB npoMBim^eHHOCTH POCCBB B YKpaHHH. 

SaflaHB, pemaeMue KOMiuieKcoM "ßHenp" 

Hcno,MoBaHHe paKexH PC-20 B Kanec.Be ****** KA npKMeHBxe^HO K 

npe^araeMMM HanpaBne«™ co3Äa„H* (nixaxHas paKexa B pa*m o !—>« 

cxyneHBK, C5M PH "UHK»OH") H03Bo^eT o6ecn*nrn. BBiBeHeHHe ofeerc» B 

mHPoKOM ÄHana30He BCCOB (or 400 KT *> 4000 «•> . BBICOX KpyroBHX OP6HX (er 250 

KM „o 4700 KM). 3anycK xaKoro n« KA no3Bo;i»ex peniHXB pa* aKxyaKBHBrx aw« 

HayHHoro H Hapo/nroxcmÄcTBeHHoro HMHaneHira: 
- nocxpoeHHe HH3KOOP6H™BHBIX cHcxeM CBH3B (H HHcpopMauHH (KA xHna 

-TenwecHK-, «DioSaW, -HpmWM", 'TOHCH", "Haae^a H", "Apaa^ H 

fl,')' - oöecn^cHHe flHcxaHnHOHHoro aoOTPOBa™ 3CMÜH B npoBefleHBe nay™ 
HCWaHBB        c        W        «BW«        »'     ypOXaBHOCXBK, KOHrpOHH 

se^eno^oBaH^, roxoBHoexn nacxönm H 6«oMacc, BOSHBIX pecypcoB, HafinWHBe 
/«■A n-Ji  ^  «S/T     "Pecvoc"    "OKsaH-01", AFOC- 30H cxHXHHHoro 6eÄcTBna (KA. rana £33 c SS/L,    Fecypc , 

CM3, "npenynpe>KÄeHHe" a Äp.)'> 
- oöecneneHHe npoMBimneHHoro npoH3BoacxBa cynepMBCXBix MaxepnairoB B 

yc^oBBHX MBKporpaBBxaBBH (no^ynpoBOÄHBKH, ÖBonpenapaxBi B TO.) C 

xapaKxepucxBKaMH, 3HaMHxeiiBHO npeBoexo^mBMB amuiora - cBcxeMa "TeKoc . 

Kpone xoro, npeaycMaTpnBaexcH <ppaxxoBaHBe yc^yr no aanycKy KA mo6oro 

Ha3HaneHBK, B X. ,. onepaxBBHoe BoenortHeHBe KDcmecKHX eBexeM, B npe^ax 

aneprexBKH B BMeioninxc* ra6aPHXOB ao« no^esHoro rpyaa^ oöecne^HBeM 

HaKJioHeHBB KpyroBBix B ajuiBOTBHecKBX OP6BX - 46°, 51°, 65°, 87°,98°. 

B noCiatf cjryiae, B nepHo« aKcimyaxaixHB KOCMBHCCKOFO paKexHorx) KOMMca 

«Ä„enp" wpw c 3KOHOMBHecKHM 3^eKTOM oöecneHBBaexc« coxpaneHBe 

BHcoKOBHxe™eKxya,BHoro nananwaaa H nepeaoBBix xexHOJiorBB . pa^o- 

KocMB,ecKOB oxpacKH npoMBn^eHHOCXB cxpaH CHF, noBBnneHBe a^cKXBBHocxH 

oxpacjieH HapoÄHoro xo3HHcrBa, craÖMHaaiow cmyaOT Ha KOCMOÄpoMe. 



JIErKHE PAKETH-HOCHTEJIH HA BA3E BPIUl 
H.H.BEJIHHKO, B.E.KAPrHH, CBTJIAflBIIIIEB (rPIJ) 

II.O.BPACJIABCKHft (IJHHHMAIII) 

B TeneHHe HecKojibKHx nocjieÄHHX JieT rocy^apcTBeHHbiM paKeTHbiM ueH- 
TpoM  "KB HM.aKaaeMHKa B.n.MaKeeBa" 6MJI npoBezreH SOJIBIUOH o&beM nccjie- 
ÄOBaHHH       no   B03MOJKHOCTH   C03ÄafflW   paKeTHO-KOCMHTeCKHX   KOMMepHOCKHX 
KOMiuieKcoB flJiH BHBeaeHna Ma^opa3MepHbix KOCMHiecKHx airaapaTOB paajnra- 
Horo Ha3HaMeHHÄ Ha oKOjio3eMHi.ie opGnTbi, a raxxe annapaTOB, 3anycKaeMbix 
Ha cyöopÖHTajtbHwe TpaeiscropHH.   OZWHM H3 Taioax pa3pa6aTbiBaeMbrx KOMiuieK- 
COB KBJIHeTCH KOMIIJieKC "IIlTHJIb-2", 

OrjitwHTejibHOH ocoßeHHocTbio 3Toro KOMrtneKca WJIHQTCM Hcnojib30BaHHe 
cymecTByiomeH HH(ppacTpyiaypbi nojiHrom "HeHOKca", B TOM wjie Ha3eMHbix 
cTapTOBbix coopyxeHHH, a Tarace cepHHHbix 6ajuiHCTHqecKHX paxeT PCM-54, 
cHHMaeMbix c QoeBoro üexypcTBa. MHHHMajibHbie flopaGoTKH no pajceTe oöecne- 
MaT BblCOKyK) HaaejKHOCTb H TOTOOCTb BhSBGRtHSn nojie3Hofi HaipysKH Ha OpÖHTy 
npH HH3KOH CTOHMOCTH nyCKa (4-5 MJIH.flOJIJI. CIIIA). 

npeOTOJiaraeTCH npoBeaeuHe nycKOB KaK c HsaeMHoro cTapTOßoro KOM- 
njieKca, TaK H H3 uiaxrw no/mozraoii JIO#KH. 

Pa6oTbi no cosmanino KOMmieKca npoBOflarca noaroimo. Ha nepBOM aiane 
paipaßoTKH nojie3Ha*[ Harpy3Ka pa3MemaeTcn B nrraraoM orceice. PaxeTa- 
HocHTejib B 3TOM Bapnanre HMeeT HHfleKc "UlTHJib". HycKH npoBoaaTca H3 max- 
Tbl nOÄBOflHOH JIOflKH. 

Ha BTopoM 3Tane pa3pa6oTKH mm pa3MemeHHJi nojie3Hoö Harpy3KH co3- 
flae-rcs oTceK no;ie3HOH Harpy3KH, KOTopbiH COCTOHT HS aapoflHHaMHwecKoro 06- 
TeKaTe.ro, cßpacwBaeMoro B nojiexe, H nepexoaHHKa, Ha KoropoM pa3MemaeTcn 
nojie3Haa narpyjKa H KOTopbrii o6ecne*niBaeT CTbiKOBKy oTceKa nojie3HOH Ha- 
rpy3KH c paKeTOM. PaKeTa-HocHTejtb B STOM BapnaHTe HMeeT HHäCKC "IIIrajjb-2". 
riyCKH npOBOÄHTCH C HaSCMHOro CTapTOBOro KOMHJieKCa H H3 niaXTbl nOÄBOÄHOH 
JIOUKM. 

PAKETHO-KOCMMHECKHH KOMIUIEKC C PAKETOH- 
HOCHTEJIEM  "IUTHJIb" 

06ecneqHBaeT BbreejjeHHe nojie3Hbix Harpy30K paajnriHoro Ha3HaneHHa Ha 
KpyroBbie OP6HTH BWCOTOH «o 400 KM, JIH6O Ha ajunnrmqecKHe op6HTbi c nepH- 
reeM ao 400 KM. OrapT ocymecTBJiaeTC^ H3 iuaxTbi noflBOflHOH JIQZIKH KJiacca 
"flejinpHH". 

PaKerao-KocMiiqecKHH KOMroieKC COCTOHT H3: 
- paKexbi KocMH^ecKoro Ha3HaHemw "IllTHJib"; 
- HH<popMaHHOHHo-H3MeptiTeJibHoro KOMmieKca; 
- TeXHKWeCKOH H03HHHH; 
- CTapTOBoro KOMiuieKca nonBouHOH JIQZHCH. 

PAKETA KOCMHHECKOrO HA3HAHEHHA "DJTHJlb" 

Co3ZtaeTcn Ha 6a3e SajuiHCTHqecKOH paKeTbi nozjBoaiHbix JIO#OK SS-N-23 
(PCM-54). ,fl,opa6oTKH npoBozwxca Ha CeBepHOM nojraroHe, pacnojioxceHHOM B 
ApxanrejibCKOH oöjTacxH. 



EopTOBaa annapaiypa paKexM KocMMTiecKoro mi3Emcitwi "IIIxHJib" p.v6o- 
TaeT B HHepn,HaJibHOM pexHMe. 

IlojiesHaH Harpy3Ka pa3Memaexc» Ha paicexe B cnemrajibHOH 3amKTHOM 
Kancyjie Ha Mecxax mxaxHOH ueJiCBOH Harpy3KK. Kancyjia oöecne-iHBaex 3ani,Hxy 
KA ox xeixrcoBbix , aKycTJMecKHX H npoHHX BQ3fleftcxBHH co cxopoHH Bepxweo 
cxyneiiH pai<exbi. riocne Bbixo,o;a paKexw Ha sa^aHHyio op6wxy ox^ejiKexcH Kancy- 
jia c KA H pai<exa yBoanxen c xpaeKropHH nojiexa rro.jie3HOH Harpy3KH. PacKpbi- 
xne KancyjTw H ocBoooaoieHHe KA ocymecxBJwerca nocjie xoro, Ka.K paxexa yni- 
jra Ha paccxoHHHe, HCKJiicwaiomee BoazuencxBHe cxpyn wsurrnsneu i-ia KA. 

OCHOBHME XAPAKTEPHCTHKH PAKETHO-KOCMHHECICECKOrO 
KOMIMEKCA C PAKETOM "UJTHJ1 b" 

Mecxo cxapxa -     MHPOBOH oKeaH 
CITOCOG nycKa H3 nycKOBQH iuaxxbi 

noÄBOÄHOH jioflKH KJiacca "J^eJIbCpHH" 

CxapTOBaü Macca, x 39,7 
raöapwxbi paKexbi, M 

zuuiHa 14,8 
ÄHaMexp paKexw 1,9 

OGbeM 30HM nojre3HOH Harpy3KH, M
1 0,183 

Macca nojie3HOH HarpyjKH, BMBO- 

ZIHMOH Ha KpyroByio opöixry BMCOXOH 

400 KM H HaKjroHeHHeM 79 rpajiycoB, 7C 
KX 

PAKETHO-KOCMHHECKHH KOMFUIEKC "UITHJIb-2" 

npeÄHasHaqeH asm BbXBeAeHHÄ Majiopa3MepHbrx KocMinecKHX annapaxoB 
pa3jiH*iHoro HaaHa^eHHH ea OKOji03eMHbie op6HXbi, 

KoMruieKc cosaaexca Ha 6a3e ßajuiHcxHHecKHX pA*oj.r nonBo/iHbrx jioaoK SS- 
N-23 (PCM-5) H cymecxByiomeH HHcppacxpyKxypbi CesepHoro nojinroHa; pac- 
no.nc»KeHHoro B ApxaHrejibCKOH oöjiacxH H 6e3aBapHHHO SKcnjryaxHpyeMoro B 

pa3JiKHHbix pe^cHMax 6oJiee 20 Jiex. 
HaseMHbiH cxapxoBWH KOMITJKKC no3BQJiJiex: 
1. OcymecxBJiHXb JIO 10 nycKOB B TOR. 

2. 3anycKaxb cepHio KocMKraecKHX annapaxoB c MHHHMajibHHM HHxepBajioM 
30 15 cyxoK. 

3. Oöecne^HXb Ha npoxjixeHHH ÄraxejrbHoro BpeMCHH aeacypHwii pejKHM c 
BbicoKoft cxeneHbio TOXOBHOCXH paicexbi K nycKy. 

4. no^ynaxb B xo/ie nojiexa paKexw xejieMexpHHecKyro HHcpopMaimio c 6op- 
xa   c noMoiHbK) HficpopMaiJHOHHbix cpe^cxB HcnwxaxejcbHoro nojiHrona H BW- 

HOCHHX H3MepHXejXbHHX ITyHKXOB. 
KoMnnescc COCXOHX H3: 
paKexw KocMHHecKoro Ha3HaqeHBW "IIIxHJTb~2"; 
Ha3eMHoro cxapxoBoro KOMiuieKca; 



ue/HTpa noaroTOBKEr ncweTHoro 3a^aHHH; 
ueHTpa o6pa6oTKH TejieMeTpuqecKOH HH(})opMamiH. 

PAKETA KOCMHqECKOrO HA3HAHEHHH "IIITHJIb-" 

HJW pa3MemeHHH nojiesHofi Harpy3KH Ha paiceTe npoH3BoflHTCH Äopa6oxKa 
paKeTW PCM-54 B Macra cosaaHira OTceKa nojie3HOH Harpy3KH, Koxopbiii npea- 
craB/wex eo6oft aapoÄHHaMiwecKHH oöxeKaxejib H nepexoflHHK, oöecnennBaio- 
iiwfi cTHKOBKy nojie3HOH Harpy3KH c paKeTofi. O&beM OTceKa ma pasMemeHiia 
no,n:e3HOH Harpy3KH cocxaBjmeT 1,87 KyS.M. 

AapOÄHHaMH^iecKHÖ oöxeKaxejib BbinojmeH repMexroHpoBaHHbiM mx o6ec- 
neqeHHa nbuie-Bjiaro3aiiiHXH nojTe3Hofi Harpy3KH H CHaöaceH oacxeMOH pa3#ejie- 
HHH H cGpoca. KoHCTpyKUHK a3po,nHHaMHHecKoro oöxeicaxejDi zionycKaex BH- 

nojiHeHHe JIIOKOB Ha ÖOKOBQH noBepxHocxH o6xeKaxejw zyw no^Boaa flonojnra- 
TejitHbix cBH3efi no^e3HOH Harpy3KH c annapaxypoo Ha3eMHoro dapTOBoro KOM- 
iineKca. 

MHoroMHCJieHHsie nycKH c Ha3eMHoro HcnbixaxejibHoro cxenna H nozuaofl- 
HMX JIOZJOK noKa3ajiH Bbxcojcyio HasejKHocxb cepHHHOH paicexw SS-N-23 (PCM- 
54) - npoTOTHna paicexbi "IIIxHjib-2"" (aocxHrHyxa BepoaxHocxb ycneuiHoro nyc- 
Ka H nojieTa He Meeee 0,96). 

Be3onacHocTb    aKcruiyaxauHH    o6ecne*iHBaexcH    KOMruieKcoM     cxeMHo- 
KOHCTpVKTHBHblX    H    XeXHOJIOrHHeCKHX    M6p,    OÖecneHHBaiOmHX    repMeTHHHOCTb 
TOnjIHBHWX CHCTeM aMIiyjIH3HpOBaHHOH paKeXbl,  HCKJIK^eHHe B03MWKHOCTH Bbl- 
nann HecaHioiHOHMpoBaHHbix KOMana Ha rrapocpe/icTBa H pp. 34>cpeKXHBHocTb 
KOHCTpyKTHBHO-TeXHOJIOrHHeCKHX    peiUeHHH     nOOTBep^aeHa    nOJIOiKHTejIbHHMH 
pe3y^bxaxaMH SKcroiyaxauHH cepHHHbix paicex-npoxoxHnoB. 

HA3EMHBIH CTAPTOBblH KOMIIJIEKC 

BKJiioqaex B ce6a TexHHMecKyro H cxapxoByio IIO3HUHH, ocHameHHbie araia- 
paxypoH fljM xpaHerow paKexw, npoBeaeHHe npe/jnycKOBbix onepamrii H nycxa 
paKexw. 

KOMIIJIEKC CMCTEM YIIPABJIEHHfl 

OGecne^HBaex HeHxpajiH30BaHHoe aBTOMaxunecKoe ynpaaneHHe CHcxeMaMH 
KOMruieKca BO Bcex aKciuryaxaiiHOHHbrx peacHMax, ynpaaneHHe npezinycKOBOH 
noxiroxoBKOH H nycKOM panexbi, noaroxoBKy xexHiraecKOH HHcpopMamiH H no- 
JiexHoro 3anaHHH, BBO« noneTHoro 3aaaHHH H ynpaBJieHHe paKeToft no BHBoay 
nojie3Hoft Harpy3KH Ha 3amuuy}o opÖHxy. 

IJEHTP nOflrOTOBKH nOJIETHOrO 3AHAHK5I 

KoopÄHHHpyex, iuiaHHpyeT H npoBOflHX Bee paSoxw B nacxH pacqexa 6aji~ 
jiHcxmrecKHX xapaicrepHcxHK H noaroxoBKH nojiexHoro 3aaaHHH. 



MH®OPMAIJHOHHO-H3MEPHTEJIbHbIMKOMnJXEKC 

HH4>opMamioHHO-H3MepHTSJibHfaiH KOMiuieKC oöecne'iHBaex npHeM H pe- 
rHCTpauHK) Te^eMeTpEraecKOH HHcpopMaijHH BO BpeMH nojieTa, o6pa6oTKy H BH- 

asny pe3yjibTaTOB H3MepeHHfl 3aKa3HHKy nycjca. 

I^EHTP OBPAEOTKM TEJTEMETPHHECKOM HHOOPMAIJMH 

06ecneqHBaeT oöpaöoTKy Been 3aperacTpHpoBaHHOH TejieMeTpiraecKofl HH- 

cpopMauHH ZWK npe/icTaBJieHiM pe3yjibTaTOB o6pa6oTKH B yaoÖHOM zuw norpeön- 
Tejieft BHae. 

IlycKH c Ha3eMHoro cxeHiia o6ecneM:HBaK)T cpopMHpoBaHHe opöiiT B cpaBHH- 
TejibHO HeöojibiiioM UHanasoHe HaKJioHeHHH op6nT OT 77° no 88°, HTO 6e3ycJiOB- 
Ho orpaHHHHBaeT oßjiacTb HcnojrbsoBaHwa KOMiuieKca. rocynapcTBeHHWM paKeT- 
HbiM ueHTpoM SbuiH npoBeneHM npopaßoTKH no BO3MO>KHOCTKM npoBe/xeHira 
nyCKOB paKeTW  KOCMMeCKOfO  Ha3HaiieHHH   "IIlTHJTb-2"     C   nO^BOJtHOH  JIOSKK  B 
OTana30He urapox OT 0° no 77°. 

Bwno^HeHHbie pa6oTbi noiooaJiH peajiH3yeMOCTb nycKa H3 maxTbi npw npo- 
BeHeHHH   Heo6xOÜ(HMbIX   ÄOpa6oTOK.    FIpH   3TOM   COXpaHHeTCH   B03MO)KHOCTb   HC- 
no^b30BaHHH noztBoziHOH JKOüKH no uoneBOMy Ha3HaneHHio. 

OCHOBHblE XAPAKTEPHCTMKH KOMILJIEKCA 

Mecxo cTapxa ApxaHre/ibCKa«     o6jxacTb     (Ha3eMHbiH 
CTapTOBblH KOMIIJieKC), 
MnpoBOH OKeaH (H3 maxTbi noziBOflHOH 
JTOZIKH) 

TaGapHTbi paKeTbi, M 
xuiHHa 18,35 
AHaMeTp paKeTbi 1,9 
zmaMeip oGTeKarejin 1,272 

OöbeM 30HW iiojie3HOH Harpy3KM, M
3 1,87 

CrapTOBaa Macca, T 39,9 
Macca noJie3HOH Harpy3KH, KT 

i=78 ipaa., H=200 KM 330 
i=78 rpaa., H=740 KM 50 
i=0 rpaa., H= 610 KM 350 
i=0 rpaa., H=1040 KM 50 
CroHMOcib nycKa, MJIH.äOJIJI.CHIA 4,5 



PiiKoia-noarrcnd, "CrptJia".  llepciiwciHBa HciiojibJOBaniiH 
KOCMO^pOMOB   "CBOOO/HIMH" H "EaHKOJiyp". 

1".A, E<l)pcM()BliriO 
Manir-mocipoCTn-ffl 

143952, i. Pcyxoii, MocKoncieag ofwiae/ib 
yji. larapHi-ra, 33 

«Uaicc: (09<i> 302-2««I 

MHOIHC nayiHwe H KOMMcpuecKHe 3a;uiMH ß iracxoauiec lspcMa Moiyr ü'JWXI. pcuicuw 
c  HcirojiLsoBanHeM  opoma.in.rarx  rpyiiirapoBOK turn oT^eju.iiwx   "iw.ajn.ix"   KA,      H 
COBpCMCHHWX pOCGtlHCKHX yCJIOBHHX »O BMBOWIX Ha HOpBMH IIJiaH co3/tamie PII Ha 
OCHOBe BMBOflHMT.IX TO 'MCCHJlVa XaUHH B COOXBÜXCXBHH C ,/ipiOßOpOM 0 CMB MliP. 1.11 i() 
MamHHocxpoeiw« , R03.rj1aBJisrK.nnHM Koonepanrifo npe/nrpHaxHti , yrocxBoiiaBiriHx B 

cor^anr-rH H o6ccncMHRaK)iuHx bojiee «ICM 2ü-JicxMOfo SKcraiyaxauHK) KOMHJiejcca c MKP 
PC!-1.8, pa3pa6oxan Bapiiam  nepeooopynoBaHrar paKexw PC-18 is KocMwiccKyio PII 
"C'IpCJia". OcHOBHOH KOHHeilUHCii, peajlH30ßaHH0H    B HpOCKXd KOCMH'ICCKOXO paKCTHOlO 
KOMfuicKca "Cipcjia", mmcixw coxpanemic MaKCHMajn.Hoii npeeMCXBCHHocra no 
omomeiiHK) K öasoßojny paKcmowiy KOMimeKcy. PcaJiHaauaa xajcoro ßapaama ca-yjanH» 
PH "Orpwra" IKWBOjrscci paciipocxpaHHfb Ha nee BMCOKHC noKa3axejiH Ha/ipamocxH 
paiccjw PC-18: 143 yciienuibix nycica TO 146 itpoTOBc^eHHMx. 3anycKH PH "Cxpc.ua" 
Moryr npoH3BOAtni.ca c KOCMO^OMOB "CBOöOAHJMH" H "üaÜKOHyp". /(jta aaiiycKa Ha Pll 
C'ipüJia" IIIIO MamiiHocTpoeHHH pa3pa6oxan yiiHBcpcajiMUjH cJiyaceOHWH Mo^yjjb 

"Maitoro" KA, no3BOJiaiomHÜ yoxaHaBjMBaxb na Hero nojie3Hbre rarpysKH Maccoit ;ip 250 
Ki. 1 lo^ix)TOBJiexif»i itpefinoyxsum no Hcnojn>3oBaiiHio PII "Cxpena" >iJia BMiscyipHi« 
Majiwx cnynaticoB c njia3MeHf«JMH flBHiaTt-itHMH K acrepoH/taM, ifjianeraM Co.rifie'iHoir 
CHCTCMM, B xoHKH    JinöpauHH, Ha rcocxaHHOHapuwe    opfrnxn n Huxcpecax HayrcH H 

KOCMH'ieCKOH CBH3H. 
J{na POCCHHCKOH <]>e^epaHJin HaH&ojiee iicpcueKiMBUbiM MCCXOM sanycKa PII JKHKOXO 

icjiacca «BJiaexca KOCM.O/Q>OM "CBOöO,UHMH", oöecrie'iHßatoHiHH BMBe/ieHHe KOCMWICCKHX 

amiapaxoB Ha opöinw c iiaicjiOHeittieM  B ;manasoHax 52° - 62°  M 90° - 97°   , BKJHOHa« 
COJJHCHHO-CHHXpOHHblC OpOHXM.  AnajJHi MHpOBOlO pMHKa KOMMCp'ieCKHX 3HliyCKOB KA 
HOKaiMBaei , HTO HMeiwo iia :nn /(HaiiasoHbi iiaiuiOHCHHH opöirr npHXOAHTCii 
MaKCHMajibHWH cnpoc. HcnojibiOBaHHe KocMo;j,poMa "liaHKOHyp", H03BOJiaK)iu;ero 
ocymecxBjnro. .ianyctcH KA paKcrjaMM JierKoro KJiacca XOJIMCO c iiaKnoiieHHaMH 62° -64° , 
sBJiHCTCjf HcjTccooÖpa-iHbiM c lO'iKH 3pcHHH HajiwiHa pasBHioM HH(})pacipyiaypH H 
Aonojitracn KOMMcpnccTCHe BO3M05KHOCTH co3^anaeMoro KocMH'iecKoro paiccxnoro 
KOMI uicjcca "CipyJia'". 



Streia Launch Vehicle. Prospects of using 
Svobodny and Baikonur Cosmodromes 

H.A. Yefremov 
NPO Masliinostroyenia 

33 Gagarin Street, Reutov, Moscow region 143952 
Fax: (095) 302-2001 

Many scientific and commercial tasks can now be solved using orbital groups or 
single "small" spacecraft. In current Russian conditions, creation of LVs on the basis of 
ICBMs being discarded pursuant to the START Treaty has become a matter of primary 
importance. NPC) Mashinostroyenia which is a prime contractor and which leads a 
network of subcontractors that participated in creation and continue to participate in 
operation of the RS-18 ICBM complex for more than 20 years, has developed a variant 
of converting the RS-18 ICMB into the Streia launch vehicle. The basic concept 
implemented in the project of the Streia space missile complex is retaining to a maximum 
of the ICBM hardware and software in the Streia LV. Implementation of this concept in 
creation of the Streia LV allows to extend high reliability characteristics of the RS-18 
ICBM to Streia LV, namely: 143 successful launches out of the total number of 146 
launches. Streia LV can be launched from Svobodny and Baikonur Cosmodromes. NPO 
Mashinostroyenia has also developed a universal service module of a "small" spacecraft 
which alows to mount payloads of a mass up to 250 kg on it. Proposals have been 
prepared on the use of Streia LV for sending small spacecraft with plasma engines to 
asteroids, to planets of the Solar system, to libration points, to geosynchronous orbits in 
the interests of space science and space communication. 

The best place to launch light-class LVs in the Russian Federation is Svobodny 
Cosmodrome from which it is possible to launch spacecraft to orbits with inclinations in 
the ranges 52° - 62° and 90° - 97° includingh sun-synchronous orbits. Analysis of the 
world market of commercial launches has shown that these orbit inclination ranges 
account for maximum demand. The use of Baikonur Cosmodrome that allows launches 
of satellites by light-class LVs only to orbits with inclinations 62°- 64" is reasonable from 
the point of view of available developed infrastructure and it complements comercial 
capabilities of the Streia space missile complex that is being created. 



IlepcneKTHBW KOMMepnecKoro HcnonMOBaHHa 
paKeTM-HocHTejiJi "POKOT" 

POCKHH O.K. 
rKHnil, HM. M.B.XpyHHHeBa 

121087,   MocKBa, yji. HoB03aBon,cKa5i, 18 
TCJI.: 142-59-21; cpaKc: 956-2441 

MexgayHapoaHMH KOCMIITOCKHH PMHOK cerofliw nepeacHBaeT 3HaHH- 
TejibHbie H3MeHeHHH B oÖibeMe, crpyicrype H ypoBHe KOHKypeHiniH. nponc- 
XO/IHT 3apo)K#eHHe cnpoca Ha 3anycKH Jiencnx KocMKraecKHX annapaTOB, 
no3BOji5iK)iij;HX peajiH30BaTb HOBWC noTpeÖHOcTH, KaK B BoeHHoii, Tax H B 

rpaJKaaHCKoö ccpepax, a TaKxe 6ojiee aKTHBHO ocBaHBaTb TaKHe HOBbie 
pwHKH, KaK Mo6HJibHaH rjioöaibHa» cBH3b, MOHHTopHHr 3eMHOH noBepx- 
HOCTH, npe,nynpe:ttyieHne o CTHXHHHWX 6e,n,cTBiiHX H Ap. HaÖJiioaaeMbiH B 

nocjie^Hee BpeMü GbicrpbiH pocT HHCJia cpHpM-npoH3BOAHTejieH H oneparo- 
poB Majibix KA npoHcxo^HT Ha (p°He MeßjreHHoro, HO ycTOHHHBoro pocTa 
HHcjia paspaöoTHHKOB H npoH3BOflHTejieii cpe,o,cTB BbiBefleHHü. 

Xopomo H3BecTHO, HTO npH ocBoeHHH jiioöoro pbiHKa npeHMyniecTBOM 
öyzjeT oöjia^aTb TOT, KTO GbicTpee BMHfleT Ha Hero c KOHKpeTHo oöocHOBaH- 
HbiM npefljioiKeHHeM. UOHMMaa, HTO B TeKymnx ycjioBtrax öwcTpwH BMXOU 

Ha Me»myHapo,n;HbiH pbiPioK c HOBOH PH jiencoro KJiacca TpyzjHo ocy- 
mecTBHM, B rKHUl], MM. M.B.XpymiHeBa HecKOJibKo jieT Ha3aA 6HJTO npn- 
HüTO pemeHHe o co3^aHHH KOMiuieKca paKeTbi-HocnTejra "POKOT" Ha OCHO- 

Be CHHMaeMbix c BoopyxeHHH MBP SS-19 (PC-18). npHmrraio TaKoro pe- 
nieHHH cnocoßcTBOBajio cTpeMjiteHHe K peajiH3amiH aKOHOMiraecKH Bbirozi- 
Horo H sKOJiorHHecKH u;ejiecoo6pa3Horo cnocoöa ynuiH3ai],HH ÖoeBofi pa- 
KeTHOH TeXHHKH. 

Ilo Mepe HCHepnaHaa 3anaca yrajiH3HpyeMbix paKeTHbix 6JIOKOB, njia- 
HHpyeTca nocTeneHHaa 3aMeHa PH "POKOT" 6ojiee coBpeMeHHWMH PH Jier- 
Koro KJiacca, paapaöaTWBaeMbiMH B paMKax npoeKra "ÄHrapa", KOTOpbiM 
"no Hacjie^cTBy" aocTaHeTCH cerMeHT pbiHKa, 3aBoeBaHHbra "POKOTOM". 

B HacToamee BpeMH BaxHo oöecne^HTb CBoeBpeMeHHOCTb (He no3/iHee 
2002 ro^a) Bbixo^a PH "POKOT" Ha pbiHOK. QaBnr BnpaBo flaHHoii BpeMeH- 
HOH rpaHHHbi MoaceT cflejiaTb BCK» nporpaMMy sKOHOMHraecKH HenejiecooS- 
pa3HOH. 

YMHTbiBaa HHBecTHHHOHHbiH xapaKTep pa3BHTHsr nporpaMMbi "POKOT", 

oiieHKa u;ejiecoo6pa3HOCTH H 3(p(peKTHBHocTH ee peajiH3anHH flojDKHa npo- 
BOflHTbca no o6m,enpHHiiTbiM KpHTepiMM OKynaeMocTH H nojiyqeHira npn- 
6bijin. OflHaKo, noMHMo OCHOBHOH uejra Jiio6oro npe^npHirraji B HbiHeiu- 
Hen aKOHOMiPiecKOH cHTyau,HH - nojiyqeHHü ^oxoflOB, ocymecTBjieHHe npo- 
rpaMMbi "POKOT" HMeeT BaxHoe rocyzjapcTBeHHoe 3HaHeraie, TaK KaK no- 
3Bo^aeT "pa3rpy3HTb" TocyflapcTBeHHWH 6ioflaceT no JIHHHH BbwejieHna 
cpe^cTB Ha peajiH3annio ^[oroBopoB o CHB. npoBefleHHbie HccjieflOBaHira 
no3BojWK)T   3aKJiEOHHTb,   MTO   BJiojKeHHe   B   nporpaMMy   "POKOT"   OKOJTO 

O.POCKHH 



40 MJiH.flojiji. o6ecne*fflT nojiyqeHHe 260-280 MJIH.^OJIJI. HHCTOH IIPH6I>IJIH 

Ha 10-jieTHeM 3Tane aKcruiyaTauHH KOMiuiexca PH Ha KocMOßpoMe 
"IIjieceuK". IlpH 3TOM flocTHraeTCü BecoMoe cnioKeHHe Harpy3KH Ha 
roc6io,axeT - BMecTO BbwejieHHfl 120 MJIH.^OJIJI. Ha yrajiH3aHHio 
MBP PC-18, rocyflapcTBo MOJKäT nojiyraTb floxo« 6ojiee 200 MJIH.^OJUI. 

O.POCKHH 



BO3MCMKHOCTH 3anycKa Majiora6apHTHMx KocMireecKHx annapaTOB 
paKeTaMH-HocHTejiHMH MHoroii;ejieBoro TpaHcnopTaÖejibHoro 

paKeTHO-KocMiriecKoro KOMiuieKca ceMeücTBa "CTapT" 

K).C. COJIOMOHOB, A.n. CyxaflojikCKHH, CM. 3HHqeHKO, K).H. vKHpyxnH, 
B.H. ÄHapioniHH 

rn "MHT", 127276 r. MocKBa, yji. Bepe30Baa ajuiea, 10/1 

BBCjeHiie 

B Hanaae ,a;eBaHocxbix roflOB Koonepauneft npoMbiniJieHHbix npe/uipHaxHH, 
B03rjiaBnaeMOH HayHHO-xexHHHecKHM neHxpoM «KoMnaeKC-MHT», co3,a;aHHbiM npn 
Focy^apcTBeHHOM npeßnpnaTHH «MOCKOBCKHH HHCTHTYT TeiuiOTexHHKH», pa3pa6oTaHbi H 

HcntiTaHbi Äße yHH(|>HHHpoBaHHbie paiceTbi-HocHTejia (PH)- HCTbipexcTyneHHaraa «CTapT-1» 
H naTHCTyneHHaTaa «CTapT» (xaÖJi. 1). PaKeTbi-HocHTejiH npeAHa3HaieHbi flaa 3anycKa 
ManoraSapHTHBrx KOCMHHCCKHX annapaTOB (KA) pa3JiHHHoro Ha3HaneHHa. PaspaöoTKa 
flaHHtrx paKeT-HocHTejien ocymecTBjieHa 3a cnex npHBJieneHHa BHeoioflacexHbix HCXOHHHKOB 

(^HHaHCHpoBaHHa. B paicexax-HOCHxejiax Hcnojib3yeTca MaTepnajiBHaa nacTb 
Me3KKOHTHHeHTajiBHbE<: öajiJiHCTHHecicHX paKeT (MBP) PC-12M «TonojiB» (SS-25). B 
qacTHOCTH, 6onee 95 % Maccti paKeTbi-HOCHTena «CTapT-1» cocxasaaiox paHee 
H3roTOBJieHHBie y3Jiti, CHCTeMbi H arperarbi MBP. 

Taöanna 1 

OcHOBHbie xapaKTepncTHKH paKeT-HOCHTejieä ceMeficTBa «CTapT» 

HaHMeHOBaHHe «CTapT-1» «CTapT» 

HHCJIO pa3roHHbix J\Y 4 5 

CTapTOBaa Macca 47 T 60 T 

fljiHHa 22,7 M 29 M 

/JnaMexp 1,8 M 1,8 M 

L KoiHcxpvKTHBHaH cxeivia 

PaKeTbi-HocHTejiH «CTapT-1» H «CTapT» BKjnonaiox, cooTBeTCTBeHHo, nexbipe H naTb 
nocjieflOBaTeJibHo pacnoaoaceHHbix paaroHHbix .oBHraTejibHbix ycTaHOBOK (Jjy), a Taicace 
AOBOAOHHyio ^BHraTeabHyio ycTaHOBKy. /l,BHraTeabHbie ycTanoBKH Tpex HHHHHX pa3roHHbrx 
CTyneHeft PH «CTapT-1» (pnc. 1) npe^cTaBjiaiOT CO6OH J\Y cooTBeTCTByioiHHx CTyneHeft 
MBP «Tonoab». PaKeTa-HOCHTextb «CTapT» (pnc. 2) OTannaeTca BBeaeHHeM 
flonoaHHTenbHOH J\Y Meayry ABHrareHbHbiMH ycTaHOBKaMH, Hcnojn>3yeMbiMH Ha nepBoft H 

BTopofi cTyneHax PH «CTapT-1». B KanecTBe pa3roHHOH Jjy nocaeaHeii CTyneHH 
Hcnoab30BaHa o^Ha H3 paHee co3aaHHbix H noaHocxbio oxpaöoxaHHbix ABHraTenbHbix 
ycTaHOBOK. Oco6eHHOCTbK) KOMnoHOBKH PH ceMencTBa «CxEipx» aBJiaexca pa3MemeHHe J\Y 
neTBepTOH CTyneHH non. npHKpbrraeM coenHHHxeabHoro oxceKa, HXO no3BoaaeT CHH3HTB 

Maccy KOHCTpyKHHH ,iBHraxena H, cooTBeTCTBeHHo, yBeaHHHXb Maccy noae3Hofi Harpy3KH. 

PaKeTbi-HOCHxean ceMeficxBa «CTapT» oxjiHnaioxca OT paHee co3#aHHbrx 
oxenecxBeHHbix PH cae/iyroiHHMH ocoßeHHOCxaMH: 

1. B pa3roHHbix flBHraxeabHbix ycTaHOBKax Hcnojib3yexca B3pbiBo6e3onacHoe 
CMeceBoe MeTaanocoaepacamee TBepape xonjiHBO c BBICOKHM yaeabHbiM HMnyabCOM. 

JD.C.COJIOMOHOB, A.n.CyxaaoabCKHH, C.M.3HHHeHKO, K).H.>KHpyxHH, AHAPIOIHHH B.H. 
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Hü   u*   1 

TOJIOBHOH 6j[OK 

ILiaTcpopMa 
CHCTeMa ynpaBJieHHa 
ArperaTHHH OTceK 

CoeflHHHTeJIBHBIH OTCeK 4 

^BHraTejibHaa ycraHOBKa 4 cTyneHH 

CoeflHHHTejIBHblH OTCCK 3 

^BHraTejiBHaa ycTaHOBKa 4 CTyneHH 

CoeßHHHTeJIBHBIH OTCeK 2 

BopTOBaa KaÖejiBHaa ceTB 

— ^BHraTejibHaa ycTaHOBKa 2 CTyneHH 

CoeflHHHTejTBHBIH OTCeK 1 

^BHraTejiBHaa ycraHOBKa 1 cryneHH 

XBOCTOBOH OTCeK 

PHC. 1. PaKeTa-HocHTejib "CTapT-1" 

lO.C.CojioMOHOB, A.IT.CyxaßOJiBCKHH, C.M.3HHHeHKO, K).H.)KHpyxHH, AH^piomHH B.H. 



p 

ID 

FoJIOBHOH ÖJIOK 

XLiar^opMa 
CncTeMa ynpaBjieHHa 
ArperaTHbiH OTceK 

CoeßHHHTeJIbHbffl OTCeK 5 
Jiy naTofi CTyneHH 
CoeÄHHHTeJIbHBIH oxceK 4 

Jjy neTBepTOH CTyneHH 

CoeflHHHTejIBHBIH OTCeK 3 

BopTOBaa KaöentHaa ceTt 

ffy TpeTteii CTyneHH 

CoeÄHHHTeJIbHHÄ OTCeK 2 

Jjy BTopoft cxyneHH 

CoeflHHHTeJIbHblH OTCeK 1 

Jjy nepBofi CTyneHH 

XBOCTOBOH OTCeK 

tfe-WTJI 

PHC. 2. PaKeTa-HocHTejib "CTapT" 

IO.C.COJIOMOHOB, A.n.CyxaflOJibCKHH, C.M.3nHHeHKO, JD.HJKnpyxHH, AnnpiomHH B.H. 



Kopnyca KaMep cropaHHa BbinojraeHbi H3 BBICOKOIIPOHHHX H BbicoicoMO,zryjibHbix 
KOMno3Hi^HOHHbix MaTepHajiOB, neHTpajibHbie conna qacxHHHO yxonneHbi B KaMepy conna. 

Ha Jiy nepBOH CTyneHH, paGoxaromefi Ha axMOC<|>epHOM ynacxice TpaeKTopHH, 
ycTaHOBjieHbi pacicpbiBaeMbie npH cxapxe pemexnaxbie CTa6HJiH3aTopbi H aapoÄHHaMHHecKHe 
pyjiH, o6ecneHHBaK>mHe ynpaBJiaeMocxb Ha nepBbix ceKynnax nojieTa. 

Ha BTopofi H xpexbeii CTyneHax PH «CTapT-1» B KanecxBe opraHOB ynpaBJieHHa 
npHMeHeHbi ycxpoficxBa BayBa ra3a B 3aKpHXHHecKyro nacxb conjia, a Ha nocne/nieÄ CTyneHH 
060HX paKeT H Ha Bxopoii CTyneHH PH «Cxapx» - noBopoTHbie ynpaBJiaiomHe conna. 

2. B KOHCTpyKHHH coejjHHHxeiibHbix OTceKOB, CBa3biBaiontHX Meayry CO6OH 

pa3roHHbie Jjy, Hapaay c anioMHHHeBbiMH H THTaHOBbiMH cnjiaBaMH, npHMeHeHbi 
KOMno3HnHOHHbie MaTepHanbi. Ha coeaHHHxeJibHbix oTceicax ycTaHOBjieHbi cncTeMbi 
AeTOHHpyiomHX yfljiHHeHHbix sapanoB, KOTOpbie oSecnenHBaiox pajpbiB MexaHHnecKHX 
cBH3efi Meacny cxyneHaMH. 

3. J\m o6ecneneHHa xoHHoro BbiBona KA Ha 3a^aHHyio opSnxy nexBepxaa cxyneHb 
ocHameHa AOBOHOHHOH ßBHraxejibHOH ycxaHOBKoft, npn pa6oxe Koxopoft KOMneHCHpyiOTca 
OHIHSKH KHHeMaTHHecKHx napaMeTpoB, HaKonneHHbie Ha MOMCHT 3aBepnieHHa pa6oTbi 
pa3roHHbix py. 

Pa3MemeHHaa BHyxpH nHJiMHnpHnecKoro arperaraoro oTceKa npBonoHHaa 
aBHraxejibHaa ycTaHOBKa COCTOHT H3 XBepnoxonjiHBHoro rasoreHepaxopa, cncTeMbi 
ra30xoflOB H Tpex nap conjioBbix öJIOKOB, pa6oxaiomHX no «TonicaiomeH» cxeMe. noxoK 
nponyicxoB cropaHHa ncxeicaex B cxopoHy, npoxHBonojioacHyio KA, HXO HCKjnonaex 
3arpa3HeHHe ero noBepxHocxn. YnpaBJieHHe nojiexoM ocyinecxBJiaeTca 
nepepacnpe^ejieHHeM ra30Boro noxoica Meacay conjiaMH c noMombio KJianaHHbix ycxpoäcxB. 

4. B nejiax o6ecneneHHa BBICOKOH XOHHOCXH 3anycKa Ha PH npHMeHeHa cHCxeMa 
ynpaBJieHHa c Hcnojib30BaHHeM GopxoBoro nn^poBoro BbiHHCJiHxejibHoro KOMnjieicca H 

npenH3HOHHbix raponpnoopoB. OcHOBHaa nacxb öopxoBOÄ annapaxypbi CHCxeMbi 
ynpaBJieHHa pa3MemeHa B repjviexHMHOM npnöopHOM oxceKe, Koxopbio ycxaHOBJieH BHyxpn 
BbinojiHeHHOH B 4>opMe oGpaxHoro KOHyca npocxaBKH, CBa3biBaiomeH arperambift oxceK c 
roaoBHbiM GJIOKOM paKeTbi. 

5. Hcxoaa H3 3aflaira no&nepacaHHa BbicoKoro ypoima HHCXOXH cpeflbi, a npn 
Heo6xoaHMOcxH xaicace saaaHHoro 3aica3HHK0M y3Koro xeMnepaxypHO-BjiaacHocxHoro 
ÄHana30Ha B o6beMe BOKpyr KA, oöxeicaxejib, ananxep H cbeMHoe flHHine BbraojiHeHbi B BHne 
e^HHoro repMexH3HposaHHoro oöbeMa, o6pa3yK)inero ox^ejibHyio c6opoHHyio enHmmy - 
rojioBHofi ÖJioK (pnc. 3 H 4). no acejiaHHio 3aKa3HHKa TOJIOBHOH öJIOK 3anojiHaexca He 
B03,nyxoM, a cyxHM a30X0M. 

06xeKaxejib    COCXOHX    H3     KOHHHecKoro    HaKOHeHHHKa,     BbinojiHeHHoro     H3 
ajHOMHHHeBHX     CnJiaBOB,      H     HHJIHHapQKOHHHeCKOrO      KOpnyca     H3      KOMn03HnHOHHBIX 
MaxepnajioB. Ha cxbiice HaicoHeHHHKa H KOpnyca o6xeKaxejia ycxaHOBJieHa .ana^parMa, 
repMexH3Hpyion];aa npocxpaHCXBO BOKpyr KA. 

6. ^Jia HCKJUoneHK« 3arpa3HeHHa KA oxneneHHe KA H c6poc o6xeKaxejia 
ocymecxBJiaioxca npyacHHHbiMH xojncaxejiaMH. 

4 
IO.C.C0J10MOHOB, A.n.CyxaflOJibCKHH, C.M.3HHH6HKO, K).H.5KHpyxHH, AHapioinHH B.H. 



HOCOBOH KOHyC 

repMeTH3Hpyioiiiiaa 
AHa(J)parMa 

06TeKaTejib 

3oHa pa3Meiu;eHM5i KA 

IIJIOCKOCTL 

pa3flejieHHJi 

Azjarrrep 

PHC. 3. TOJIOBHOH 6JIOK PH "OrapT-1" 

IO.C.COJIOMOHOB, A.n.Cyxa^ojifcCKHii, C.M.3HHHCHKO, K).H.)KHpyxHH, AHAPIOUIHH B.H. 



OÖTeKaTejiB 

3oHa 
pa3Mem;eHHa KA 

rijIOCKOCTfc 
pa3#ejreHHfl 

Azjairrep 

PHC. 4. TOHOBHOH öJIOK PH "CTapT" c ÄByMa BapnaHTaMH oÖTeKarejiH 
6 

lO.C.CoJIOMOHOB, A.n.CyxaHOJIECKHH, C.M.3HHHeHKO, lO.H.^CHpyxHH, AH^pioniHH B.H. 



KA Kpennrca K nepe/jHeMy mnaHroyTy KOHiraecKoro aßamepa TpeMa 
6e3HMnynbCHbiMH nnpoTexuHHecKHMH 3aMKaMH H TpeMa HanpaBjiaiomHMH iirrbipaMH, 
BocnpHHHMaiomHMH nepepe3biBaK>m.He Harpy3KH. J]pa npyacHHHtix TOJiKaTejia 
oöecneHHBaioT oT#ejieHHe oGTeKarena. B craimapTHOH cxeMe PH OTfleneHHe KA 
ocymecTBiweTCfl neTbipbMa npyxcHHHbiMH TOJiKarejiaMH. 

OÖTeKaTejiB 3ai<penjieH Ha 6a30BOM ninaHroyre 6 irapoTexmraecKHMH pa3pbiBHbiMH 
öonTaMH. ßjia HCKjnoneHHH coyzjapenHfi npn cxo/je oÖTeKaxena Ha 6a30BOM mnaHroyTe 
3aKpenjieHbi ppe HanpaBJiaiomne .ZUIMHOH OKOJIO 600 MM C ycTaHOBJieHHbiMH Ha HHX 

npyacHHHbiMH TomaTejiaMH, a Ha o6xeKaxejie ycTaHOBJieHbi onopHbie y3Jibi c pojnncaMH, 
KOHTaKTHpyiOmHMH C 3THMH HanpaBJiaiOnHIMH. 

7. B Hejiax 3amHTbi OT HeojiaronpnaTHbix KOCMHHCCKHX B03«eHCTBHH H 

MexaHH^ecKHX noBpeameHHH paKeTbi-HOCHTeJiH ceMeficTBa «CTapT», HaHHHaa c BHB03a c 
3aBO,a;a-H3roTOBHTejia   H   AO   nycKa,   nocToaHHO   Haxo/jaTca   BHyTpH   BbinojiHeHHbix   H3 
KOMn03HHHOHHbIX     MElTepHaJlOB     TOJICTOCTeHHbrX     TpaHCnopXHO-nyCKOBBIX     KOHTeftHepOB 
(TIIK). 

II. CxeMa (hvHKmiOHHpoBaHHH B nojieTe 

B cooTBercTBHH c npHHaTOH cxeMOH SKcnnyaTauHH PH B TITK, Hcxojxa H3 CBOHCTB 

TBep/ioTonjiHBHbix Jjy n c yneTOM peajiH3aijHH pa#a MeponpnaTHH no CHH)KeHHio 
BcrafleficTBHa Ha KA H noBHinemno TOHHOCTH BbiBe^eHHa, cxeMa 4>yHKHHOHHpoBaHHa PH 
ceMeftcTBa «CTapT» B nojieTe xapaKTepH3yeTca cjiejjyroiHHMH ocoöeHHOCTaMH: 

1. IIpH npoBe^eHKH npeßCTapTOBbix onepanHH PH Haxo/nrrca B ropH30HTajibHOM 
nojioaceHHH. no^beM TnK c PH B BepTHicajibHoe noJioaceHHe ocymecTBjiaeTca B nocjieflHioio 
MHHyry nepe^ CTapTOM. 

PaKeTa BbiöpacbreaeTca H3 THK «aBjieHHeM npo^yKTOB cropaHHa cnennajibHoro 
CTapTOBoro nopoxoBoro aKKyMyjiaTopa «aBJieHHH. npoflOJibHbie neperpy3KH npn äBHHCCHHH 

PH B TnK He npeBbimaioT 4. 3anycK J\Y nepBOH CTyneHH npoH3BO«HTca nocjie nojiHoro 
Bbixo^a PH H3 TnK. 

2. Bee pa3roHHbie ABHraTejibHbie ycTaHOBKH paöoTaioT flo nojiHoro BbiropaHHa 
TonjiHBa, npn STOM npo«ojiacHTejibHocTb paöoTbi KaacaoH ffY cocTaBJiaeT OKOJIO MHHyTbi. 

3. #jia ÄOCTHaceHHa BBICOT, cooTBeTCTByiomnx ßonycTHMOMy no ycnoBnaM 
ynpaBJiaeMOCTH ypoBHK» exopoeraoro nanopa npn pa3flejieHHH nepBoft H BTopon CTyneHefi c 
MHHHMaJIbHbIMH   6aJIJIHCTHHeCKHMH   nOTCpaMH   npH   peaJIH3aUHH   TpaeKTOpHH,   6JIH3KHX   K 
onTHMaiibHbrM, npHMeneHa 6ajuiHCTHHecKaa «nay3a». nocjie OKOHHaHHa paöoTbi ffY nepBofi 
CTyneHH PH B TeneHHe 10-20 c neraT c HepaÖOTaiomHMH fff. 

4. B nenax flOCTHaceHHa ÄOCTaTOHHbix BBICOT opÖHT KA B cxeMy 
4>yHKHHOHHpoBaHHa BBe^eHa BTopaa, ocHOBHaa «nay3a», nepe« 3anycKOM pa3roHHOH Jjy 
nocjieflHefi CTyneHH PH npoflOjracHTejibHOCTbio «o 10 MHHyr (B 3aBHCHMocTH OT BHCOTH 

nepnrea op6HTbi KA). «nay3a» no3Bo.naeT npn CBOHCTBeHHoit TBepflOTomiHBHbiM paKeTaM 
BBICOKOH TaroBoopyaceHHOCTH o6ecneHHTb BbicoTy 3aBeprneHHa pa3roHHoro ynaenca H 

cooTBeTCTBeHHO nepHrea opÖHTbi KA B ßHanajOHe 300-1500 KM. 

Heo6xo#HMoe yrjioBoe nojioaceHHe H pa3BopoTbi PH Ha «nay3e» oöecnenHBaiOTca 
3a#eHCTB0BaHHeM ycTaHOBjieHHoß B pafioHe conjia ffY HeTBepxoii CTyneHH ra3opeaKTHBHOH 
cHCTeMbi opneHTanHH (fPCO). 
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5. HCXOfla   H3   HeOÖXOflHMOCTH   rapaHTHpOBaHHOH   3amHTM   KA   OT   CHJIOBOrO    H 
TenjiOBoro   B03,a;eHCTBHa  Haöeraiomero   noTOKa  cöpoc   oOTCKarejia  npoH3BOflHTca  npn 
^0CTH>KeHHH BBICOTH 6ojiee 150 KM Ha ynacTKe OCHOBHOH «naysw». 

6. BKJiioHeHHe pa3roHHOH J\Y nocjieflHeii cryneHH npoH3BOAHTca no oKOHHaHHH 
OCHOBHOH «nay3bi» npn AOCTH»;CHHH BBICOTBI, 6JIH3KOH K nepnreio 3aaaHHOH opÖHTti. Ha 
ynacTKe paöora 3TOH Jjy flocraraioTca HaH6ojiMHHe 3HaneHHa npo/jojibHoS neperpy3KH - 
OT 7,3 ÄO 9,8 npn Macce KA OT 400 #o 100 KT cooTBeTCTBeHHo. 

7. Ilocjie OKOHHaHHH ocHOBHoro ynacxKa paöoTbi pa3roHHOH Jjy nocjieflHefi 
CTyneHH c 3a^epacKOH #o 5 ceKyHfl, Heoöxo^HMOH #na BbipaöoTKH OCHOBHOH nacTH ocTaTKOB 
xonjiHBa 3TOH Jjy, 3anycKaeTca ßOBOßOHHaa J\Y, Taicace pa6oTaK>maa #o nojiHoro 
BBiropaHH^: TonjiHBa, npn STOM H36HTOK TonjiHBa äOBO/JOHHOH jjy BbipaöaTbreaeTca npn 
ÄBHaceHHH PH B HanpaBjieHHH, nepneH,iHKyjiapHOM njiocKOCTH opÖHTti KA. 

8. fljia yMeHbiueHHa BosMymeHHH KA OT^ejiaeTca OT PH C 3aflepacKOH OKOJIO 30 C 

no oTHoineHHio K OKOHHam«o paÖOTti aoBOflOHHOH JHY. Jinx ynpaBJieHHa yraoBtiM 
nojioaceHHeM PH H, B nacTHOCTH, ßjw npnzjaHHa KA 3a,o;aHHOH opneHTanHH K MOMeirry ero 
OT^eneHHa OT PH B KOHne ynacTKa cnana Tarn AOBO/JOHHOH J1Y npoH3BO,nHTca noBTopHoe 
BKJQOHeHHe rPCO. 

BpeMeHHofi HHTepBan OT KOHua paöoTbi pa3ix>HHOH J\Y neTBepToft CTyneHH #o 
OTflejieHHa KA He npeBbimaer 400 c. 

III. Pacnojiarae>ia5i no.iie3iiaH narpy3Ka H MexaHHHecKiie BQ3jeHCTBHH 

Hcxofla H3 SHepreTHHecKHX B03MoacHocTeH PH «CTapT-1» MOJKCT BBIBO^HTB Ha 
KpyroBbie npnnojiapHBie opGnrti BBICOTOH 200-1000 KM KA Maccoft nopazn<a 490-100 Kr 
cooTBeTCTBeHHo (TaÖJi. 2), a PH «CTapT» MoaceT BBIBCCTH KA Maccofi nopa/pca 635-210 Kr 
(TaÖJi. 3). 

npn Bbme^eHHH Ha op6HTbi c HaKJioHeHHeM 76° c KOCMOflpoMa njiecenK HJIH 56° c 
KOCMOßpoMa CBOSO^HMH Macca KA Moacex 6BITB yBenHHeHa Ha 30-50 Kr. 

B 3aBHCHMOCTH OT ra6apHTOB KA Ha PH «CTapT» MoryT npHMeHaTbca ppa. BapHanra 
rojiOBHoro ÖJiOKa, oTjiHHaiomHxca ^HaMeTpoM H ^.JIHHOH oÖTeKaTena (pHC. 3 H 4). 

TaÖJiHna 2 

none3Haa Harpy3Ka PH «CTapT-1» npn BMBefleHHH KA Ha KpyroBbie opÖHTbi) 

ToHKa CTapTa i\H, KM 1000 800. 600 400 200 
3KBaTop 0U 

90° 
280 
107 

377 
189 

485 
278 

606 
378 

742 
493 

PO 
(CBOÖOflHbrti) 

98u (CCO)¥) 86 165 250 347 458 

PO (njieceinc) 76° 137 220 314 418 535 

COJIHeMHO-CHHXpOHHafl op6irra 
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Ta6jiHua 3 

Ilojie3Has Harpy3Ka PH «CTapT» npn Bhmejifimm KA Ha nojiapHtie op6HTH (i=90°) 

ToHKa CTapTa i\H, KM 1000 800 600 400 200 
3KBaTOp 0U 

90° 
440 
215 

555 
315 

675 
415 

800 
525 

935 
640 

PO 90° 212 312 412 521 635 

B npouecce crapTa pai<eTbi H B nojieTe neperpy3KH B 30He ycTaHOBKH KA He 
npeBtiHiaioT 3HaneHHH, npe/üCTaBJieHHbix B Ta6ji. 4 H 5 pjm PH «CTapT-1» H «CTapT» 
cooTBeTCTBeHHo (Macca KA 240 Kr). 

TaöJiHna 4 

riojieTHbie neperpy3KH AJia PH «CTapT-1» 

YHacTKH nojieTa Heperpy3KH 
nxi nyhzl 

1. no^teM TnK H CTapT 2,8 2,0 
2. PaöoTa JJY nepBofi CTynenn 5,15 0,7 
3. Pa6oTa JJY BTopoM cTyneHH 6,5 0,6 
4. PaöoTa JJY TpeTbeii CTyneHH 6,5 0,4 
5. PaöoTa TPCO 0 <0,01 
6. Pa6oTa JJY neTBepToft CTyneHH 9,0 0,5 
7. PaöoTa JJY ÄOBOAOHHoft cryneHH 0,1 0,03 

Ta6jiHHa 5 

nojieTHBie neperpy3KH /jjia PH «CTapT» 

YnacTKH nojieTa Heperpy3KH 
nxi llyljzl 

1. no^LeM TnK H CTapT 2,3 2,0 
2. PaöoTa Jjy nepBoä CTyneHH 3,3 0,5 
3. PaöoTa Jjy BTopofi CTyneHH 4,4 0,5 
4. Pa6oTa Jjy TpeTtefi CTyneHH 6,4 0,3 
5. Pa6oTa Jjy neTBepTOH cryneHH 6,3 0,15 
6. PaöoTa TPCO 0 <0,01 
7. Pa6oTa JJY naToft cxyneHH 8,0 0.1 
8. Pa6oTa Jjy flOBOßOHHOH cryneHH 0,05 0,01 

BHÖpaHHOHHbie H y^apHbie Bos^eHCTBHa, TenjioBwe peacHMti H nponne B03fleHCTBHK 
Ha KA npH Ha3eMH0H noaroTOBice H B nojieTe npHBe^eHbi B cnpaBOHHHKax nojit30BaTejra1,2. 

IO.C.COJIOMOHOB, A.n.CyxaÄOJibCKHH, C.M.SHHHCHKO, K).H.3CHpyxHH, AnzjpioinHH B.H. 



IV. PaKeTHO-KQCMHHccKne KOMiueKChi ceMeäcTsa „CTapT". OCOöCHHOCTH 

3KcnjiyaTamHH H npHMeHemiH. 

PaKeTHO-KocMHHecKHe KOMnneKCbi ceMencTBa „CrapT" aBJiaioTca nepBbiMH 
TpaHcnopTaöejiBHBiMH cncTeMaMn ßaHHoro Ha3HaHeHna. B cocrraB STHX KOMnjieKCOB noMHMO 
PH BXCWIT oöopyaoBaHHH /yia TpaHcnopTHpoBaHHa PH H sneMeHTOB KOMnjieKca, a Taxace 
nycKOBoe H TexHOJioranecKoe oöopyÄOBaHHe, oöecnennBaioinee paöoTbi no CTHKOBKC KA C 

PH, npe^CTapTOByio noflroTOBicy H nycK paiceT. 

MHHHMaJIBHbffl ypOBeHb TpeÖOBaHHH paKeTHO-KOCMHHeCKHX KOMIIJieKCOB ceMeÄCTBa 
„CTapT" K Ha3eMHtiM coopyaceHHaM oöecnennji BO3MOKHOCTB cBoeBpeMeHHoro 
ocymecTBJieHHH HTH, „KoMnneKc" nepßoro 3anycxa PH c HOBOFO poccnncKoro KocMo^poMa 
CBOöO^HBIH. IlpaKTHKa coBMecTHoro c PBCH ocBoeHHa 3Toro KocMO^poMa noKa3ana, HTO 

npn co3#aHHH HH^pacTpyKxyp&i KOCMO^poivra KpHTHHHbiMH no BpeMeHH H 3aTpaTaM 
aBJiaioTca TpeSoBaHHa, npe^BaBJiaeMbiMH co CTopoHbi KOCMnnecKoro annapaTa. 

PaKCTHHMH BoiicKaMH CTpaTeranecKoro Ha3HaHeHHa ,zuia npoBe/jemia paÖOT c 
MajioraSapHTHbiMH KA npn noßroTOBKe HX K nycKy c KocMo^poMa CBOOOAHHH BbwejieHo 
cnennanbHoe coopyacemie - TexHHHecicaa no3nnna KA, r«e, B TOM HHCJie, MO»ceT 
npoBOßHTbca no^roTOBKa K nycKy KA, Tpeoyiomnx BbicoKoro Kjiacca HHCTOTBI. HTU, 
„KoMiuieKc" pacnojiaraeT B 3-TOM coopyaceHHH „HHCTOH KOMHaTon" c B03MoacHOCTbio 
o6ecneneHHa KJiacca HHCTOTH OX 100 000 ^o 10 000 no «De^epajibHOMy cTaH^apTy CIIIA 
FED STD 209E: 

B OTJiHHHe OT paHee co3flaHHbix jiencnx PH, PH ceMeiicTBa «CTapT» He co^epacaT B 

CBoeM   cocTaBe  TOKCHHHBIX   H   arpeccHimbix   KOMnoHeHTOB   TonnHBa.   3TO   HCKjnonaeT 
CBOHCTBeHHOe     )KHflKOCTHbIM      HOCHTCJiaM      CHCTeMaTHHeCKOC      3arpa3HeHHe     MeCTHOCTH 
ocTaTKaMH HecHMMeTpHHHoro ÄHMexHJirH^paBHHa („renrajia") H a30THOH KHCJIOTBI, 

coflepacamHMHca B o6beMax OKOJIO COTCH JinrpoB B 6aKax flBHraTenen uCHflKOCTHbrx PH. 

V. IIpaBOBoe oSecneneHHe pa3pa6oxKH H npHMcneHHH PH ceMCHCTBa „CrapT" 

npoBeßeHHe 3anycKOB PH c Hcnojib30BaHneM MarnacTH MeaacoHTHHeHTajibHbrx 
KOMnjieKCOB, nojuroKamnx yneTy no corjiameHna o coKpameHHH CTparerHHecKHX 
BoopyHeHHH, noTpeöoBano o6ecneneHHa cooTBeTCTByiomero MeayryHapoAHO-npaBOBoro 
peacHMa, HTO 6HJIO ÄOCTHrayro no HToraM XI ceccnn COBMCCTHOH KOMHCCHH no 
HaöjnoÄeHmo n HHcneEnnaM noanncanneM 28 cemaSpa 1995 r. coBMecTHoro 3aaBJieHna 
N» 21 „O KOCMHHeCKHX HOCHTenax". 

Ha TeppnTopHH POCCHHCKOH Oeflepannn npaBOBOH xapaicrep ßeaTejibHOCTH no 
co3ÄaHHio H npHMeHeHHio PH ceMeftcxBa „CTapT" onpe^ejiaeTca cooTBeTCTBypomnMH 
Pacnopa»ceHHaMH n nocTaHOBjieHnaMH npaBHTejibCTBa PO. 

OSecneneHHe Kompojia KarccTBa PH n Ha3eMHoro oSopyzjoBaHHa, 6e3onacHOCTH 
npoBOSHMbix paöoT, ocymecTBjieHHe 3KcnepTH3 npoeKTHbix MaTepnanoB, pe3yjibTaTOB 
Ha3eMHoft oTpaöoTKH n oneHKH SKOJiorHHecKon 6e3onacHocTH, a Taxace Bbmana 3aionotieHHH 
o roTOBHOCTH K nycicy B03JiOHceHO Ha Tocy^apcTBeHHyio KOMHCCHIO, o6pa30BaHHyio 
PenieHneM npaBHTenbCTBa PO. 

/Jjia npoBe^eHHa  pa3pa6oTKH PH  n  ocymecTBJieHHa  3anycKa KA  POCCHHCKHM 

KOCMHHeCKHM areHTCTBOM B yCTaHOBJieHHOM nOpa^Ke BbUjaHbl COOTBeTCTByiomHe JIHneH3HH. 

10 
IO.C.COJIOMOHOB, A.n.CyxaflOJibCKHÄ, C.M.3nHHeHKO, lO.H.^KupyxHH, AnnpioinHH B.H. 



VI. Pe3V,)ibTaTi.i liipoBejeHHbix nycKOB PH ceMeftcTBa „CTapT" 

OcHOBHbie TexHHHecKHe pemeHHH H xapaicrepHCTHKH PH «CTapT-1» no#TBep»cfleHbi 
nepBtiM ,n;eMOHCTpaHHOHHO--HcribiTaTejibHbrM 3anycKOM 25 MapTa 1993 r. c KOCMOflpoMa 
nneceuK paiceTBi-HocHTejiH c pa3pa6oxaHHBiM HTH, „KoMnjieKC-MHT" 3KcnepHMeHTajibHbiM 
KA (3KA-1). B xofle 3KcnepHMeHTajiBHoro nycKa c Toro ace KOCMO^poMa naracTyneHHaTOH 
PH «CTapT» 28 MapTa 1995 r. HecMOTpa Ha Hey^any c BMBOAOM Ha op6HTy KA, 6BIJIH 

ycneniHO OTpa6oTaHbi HOBBK OCHOBHHC ajieMeHTbi .zjaHHOH PH, B nepByio onepe^t, 
ÄBHraiejn>Haa ycTaHOBKa BTOpofi CTyneHH. 

nojiHocTBK) ycneniHO nponiJiH nocjieayiomHe ppa. SKcnjiyaTaHHOHHbix nycKa PH 
«CTapT-1» c HOBoro poccHHCKoro KocMo^poMa CBOOOAHMH, ocymecTBJieHHbie BO 

HcnojiHeHHe YKa3a npe3H«eHTa PO or 1 MapTa 1996 r. (Ta6ji. 6): 

• B cooTBeTCTBHH c OeaepajibHOH KOCMHiecKofi: nporpaMMOH POCCHH 4 MapTa 
1997 r. Ha 3anaHHyio opömy no 3aKa3y PBCH (BoeHHo-KOCMHHecKHe CHJIM) SBIJI 

BbiBejjeH KocMHHecKHft annapaT «3ea», co3flaHHbrä HnO npHKJiaAHoft MexaHHKH, 
r. KpacHoapcK. 

• 24 fleica6pH 1997 r. ycnenrao npoBeAeH 3anycK BH^OBoro KocMHnecKoro 
annapaTa «3pjra Eöpa-1» (EarlyBird-1), CHI A, BbinojiHeHHbm B paMKax 
poccHHCKO-aMepHKancKOH KOMMepnecKoft nporpaMMbi (jwpMbi «3pc YOTH» 

(EarthWatch), CUIA, H HTH. "KoMnneKc-MHT". 

HoMep 
nycKa 

1 

Ta6nHu,a 6 

^aHHbie 06 3KcnjryaTaiiHOHHbrx nycKax PH «CTapT-1» 

J\ara nycKa, 
KOCMOflpOM 

04 MapTa 1997 roaa, 
CBOöOäHHH, 

ÄMypcKaa o6n. PO 

24 fleicaöpa 1997 ro.ua, 
CB060flHBlft, 

AMypcKaa O6JI. PO 

Tun PH 

«CTapt-1» 

«CTapT-1» 

Tim IIH"* 

HaBHrauHOHHo-CBasHOH KA 
«3ea» BoeHHO-KocMHHecKHX 
CHJI PO (COJIHeHHO-CHHXpOHHafl 
op6nra)  

KA BHCTaHIIHOHHOrO 
30HflHpOBaHHH 3eMJIH 
EarlyBird, CUIA (COJIHCHHO- 

cHHxpoHHaa opSirra)  

Pe3yjibTaT nycKa 

riOJIHOCTblO 
ycnemHLiH 

IIOJIHOCTMO 
ycneuiHbiH 

npn ocymecTBJieHHH 3anycKa 6HJI no«TBepacfleH BHCOKHH ypoBeHb TOHHOCTH 

BbiBe^eHHa KA Ha 3aaaHHyio opÖHTy. OrajioHeHHa napaMeTpoB opÖHTM OT pacneTHbix B 

^aHHbrx nycKax nojiyieHbi cymecTBeHHo MeHbnie, neM STO 6WJIO 3aaBjieH0 B npoeKTHbix 
xapaKTepHCTHKax TOHHOCTH (Ta6ji. 7) 

nojie3Haa Harpy3Ka 
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TaönHna 7 

ToHHocTHbie noKa3aTejiH PH «CrapT-1» no pesyjibraraM 3KcnnyaTanH0HHbix nycKOB 

PacneTHHe 
napaMeTpbi 
(HOMHHari) 

^onycTHMbie 
OTKJIOHeHHH (2,7 a) 

OaKTHHecKHe 
OTKJIOHeHHa 

«3ea» 
CpeflHaa BbicoTa 490,4 KM ±5KM -1,4KM/+0,9KM 

HaiüiOHeHHe 97,27" ± 0,05° +0,01" 
üepHOfl 06'pameHHfl 5647,8 ceK ± 2,5 ceK -0,16 ceK 
EarlyBird-1 
CpeflHaa BbicoTa 479,2 KM ± 5 KM +0,1 KM 
HaiüiOHeHHe 97,30u ± 0,05" +0,006" 
riepHOÄ o6pani;eHHH 5642,7 ceK ± 2,5 ceK 0,0 ceK 

VI. üepcneKTHBbi najibHeHineft sKcnuiyaTaiiHH PH ceMeftcTBa «CrapT" 

B HacToamee BpeMa 3aKjnoHeHbi KOHTpaKTbi c 3apy6eacHbiMH 3aKa3HHKaMH, Ha 
ocHOBaHHH KOTopbix npezjycMaTpHBaioTCfl 3anycKH cnyrHHKOB c KocMCwpoMa CBOöOäHHH B 

1999 rr. 

Be^eTca aKTHBHaa npe^KOHTpaKTHaa pa6oTa c pa^oM 3apy6eacHbix 4>HPM Ha 

npoßefleHHe 3anycKOB KA PH ceMeficTBa „CTapT", KaK c POCCHHCKOH TeppHTopHH, TaK H C 

TeppHTopHH CTpaHbi-3aKa3HHKa, BKjnoHaa pa3Mein;eHHe MHoroneireBbix TpaHcnopTaöejibHbix 
paKeTHO-KocMHHecKHX KOMnjueKcoB Ha cymecTByiomHx HJIH BHOBB co3«aBaeMbix 
3apy6eacHbix KocMO/ipoMax. 

PH ceMeftcTBa „CTapT" #OBe#eHbi RO era^HH KOMMepnecKOH SKcnjiyaraHHH H Moryr 
6biTb Hcnojib30BaHbi B KanecTBe cpeacTBa 3anycKa MajioraöapHTHbix KA KaK OCHOBHOH 

Harpy3KH c POCCHHCKHX KOCMO#POMOB HrrecenK H CBOSOAHHH, a TaKace c TeppHTopHH 
cTpaHbi-3aKa3HHKa B CHjry TpaHcnopTa6ejibHocTH KOMnjieKca. 

B HacToamee BpeMa TOJIBKO PH ceMeftcTBa „CTapT" npH pa3MemeHHH na 
KOCMOÄpoMe CBo6oÄHbrii oöecneHHBaiOT B03MoamocTb BbiBe^eHHa MKA Ha cojmeHHO- 
CHHxpoHHbie opGHTbi c POCCHHCKOH TeppHTopHH, TaK KaK 3anycK KA Ha OKOJIOnOJiapHbie 
opÖHTbi c Hcnonb30BaiiHeM npHMeHaeMbix c KocMoapoMa njieceHK flpyrnx PH conpaaceH c 
npoxoMweHHeM Tpaccbi nojieTa B onacnoH 6JIH30CTH OT KpynHbix HacejieHHbix nyHKTOB. 

BbicoKaa CTeneHb TOTOBHOCTH K nycKy PH ceMeficTBa „CTapT" cnocoöcTByeT HX 

npHMeHeHHK) B nenax onepaTHBiioro BOccTaHOBjieHHa rpynnnpoBKH KA B cjiynae Bbixo/ja H3 
CTpoa OÄHoro H3 cnyrHHKOB KOCMHHCCKOH cncTeMbi. 

Bo3MoacHocTb ocymecTBneHHa 3anycKa Majibix KA Ha PH ceMeftcTBa „CTapT" B 

KanecTBe nonyraoH Harpy3KH MoaceT öbiTb yroHHeHa nocjie (jjopMnpoBamia TexmraecKoro 
o6jiHKa H xapaKTepHCTHK 3THX KA Ha ocHOBaHHH flajibHeHuieä K0HKperH3aHHH roiaHOB 
3anycKOB STHMH PH ocHOBHbix nojie3Hbrx Harpy30K. 

B HacToamee BpeMa c o^oGpeHHa npaBHTejibCTBa POCCHHCKOH <E>e#epaHHH co3#aHa c 
ynacTHeM PKA H HTH, "KoMnjieKC-MHT" KOMnaHna "nycKOBbie ycjiyrH". PacnopaaceHHeM 
npaBHTejibCTBa POCCHHCKOH OeflepauHH jfa 838-p OT 24 Hiojia 1998 roaa Ha KOMnaHHio 
"nycKOBbie ycjiyrn" BO3JIOäCHO npoBe^eHHe paöoT no o6be,nHHeHHio ycHJiHH fljia 
npoÄBHaceHHa Ha Me>EgryHapo,aHOM pbfflKe ycjiyr c Hcnojib30BaHHeM paKeT-HOCHTejieft 
ceMeftcTBa   "CTapT"   H   "KOCMOC"   no   sanycKy  MajioraGapHTHbix  cnyTHHKOB  MHpHoro 
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Ha3HaHeHira, B TOM HHCJie B KanecTBe nony-ratix Harpy30K npH 3anycKe KOCMHHecKHx 
annapaTOB no Oe^epajTbHOH KOCMHHCCKOH nporpaMMe POCCHH H B HHTepecax MHHHCTepcTBa 
o6opoHti POCCHH, a Taofce npHBneneHHe HHBecTHUHH pjw pa3BHTHH npeflnpiMTHH paKerao- 
KOCMH^ecKOH oTpacjiH - yHacTHHKOB npoeKTa no 3anycKy. 

BonpocBi no^roTOBKH paKer-HOCHTejieH H Ha3eMHoi HH^pacTpyKTypfci, Btwana 
3aionoHeHHH o TOTOBHOCTH K nycKy öyayr oöecneHHBaTtca BO B3aHMO,n;eHCTBHH c 
MHHoöopoHLi PO H apyrHMH BeflOMCTBaMH H no 3aKJH0HaeMbiM ^oroBOpaM c KoonepauHefi 
npe^npHaTHH npoMbnnneHHOCTH. 

Bojiee no^poÖHyio HH<J>opMau,Hio, Kacaiomyiocfl opraHH3anHOHHBix BonpocoB 
nporpaMM 3anycica KA, a xaK>Ke Aerajiefi conpjDKeHHH KA H PH ceMeiicTBa „GrapT", 
B03ji;eHCTBHH Ha KA npn HaseMHOH no^roTOBKe H B nojieie MOJKHO Hafira B BtinymeHHbix 
cnpaBOHHHKax nojiB30BaTejia ' HJIH nojrywrb npn Henocpe^cTBeHHtix KOHTaKTax c O<|)HCOM 

KOMnaHHH "IlycKOBbie ycjiyra" H "HTIi; KoMnjieKc-MHT". 

HCTOHHHKH: 

1. START-1 LAUNCH VIHICLE USER'S HANDBOOK, STC COMPLEX 

Confidential Property. Version 5.01, Moscow, Russia, 1994. 

2. START-1 LAUNCH VIHICLE USER'S HANDBOOK, STC COMPLEX 

Confidential Property. Version 5.11, Moscow, Russia, 1995. 
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ABTOPM: 

1. CojioMOHOB   lOpHH   CeMeHOBHH,   flOKTOp   TexHHHecKHx   HayK,   npo4>eccop, 
aKa^eMHK, jmpeKTop H reHepajibHbrii KOHCTpyKTop m "MHT" 

2. CyxaaonbCKHH AneKcaH^p IleTpoBHH, aKazjeMHK, 3aMecTHTejib reHepanbHoro 

KOHCTpyKTOpa m "MHT" 

3. 3HHHeHKO   Cepren   MHxafijioBHH,   aicafleMHK,   renepajibHbiH   ;nipeKTop   3AO 

"EtycKOBbie ycjiyra" 

4. ^CnpyxHH K)pHH HnKOJiaeBHH, KanznwT TexHHHecKHx HayK, CTapmnfi HayHHbift 
coTpyßHHK, TexHHHecKHH ßHpeKxop 3AO "HTU, KoMiiJieKC-MHT" 

5. AHApioniHH   BHKTOP   HßaHOBHH,   KanzpmaT   TexHHHecKHx   HayK,   aKazpMHK, 
3aMecTHTejiB reHepanbHoro «HpeKTopa 3AO 'TlycKOBbie ycjiyra" 



riepcneKTHBHbie MHoropa30Bwe a3po-6ajiJincTimecKHe 
H a)po-KOCMHHecKHe opÖHTajibHbie H cyöopömajibHbie 

paKeTHO-KOCMHiecKHe cMCTeMbi jiencoro KJiacca. 

JI.M.Bacmn>eB, A.H.HjibHH, IJ.B.CojioBbeB 
qHHHMam 

141070 r.KopojieB.MocKOBCKaa o6jiacn> 
V.TT nnoHepcKaa, 4 

OaKc: (095) 513 5420, (095) 513 4400 

PaccMaxpHBaioTc« 3Hepro -MaccoBbie, neTHO-TexHiwecKiie H TCXHHKO- 

3KOHOMHqeacHe xapaKTepHCTHKH, a Taicace B03Mo:*Hbie oönacna npHMeHeroia 
• a3po-6aiDiHCTHqecKHx (oannHcnaqecKHii paKeTHbrii ycKopHTenb - 

roiaHHpyiomHfi rHnep3ByKOBOH .neTaTenbHbifi annapar), 
• aapo-KocMiraecKHx (cHcreMbi BbiBeaeHHS aBHauHOHHoro crapTa, 

ucnojn>3yK>mne noffbeMHyio craiy Ha oTaenbHbix yqacncax nojiera) 
MHoropasoBwx paiceTHMX CHCTCM Jiencoro KJiacca. 

K HHM MOHCHO OTHeCTH : 
- MHoropa30Bbifi oj3Hoa:yneHMaTbrä HocHrejib c B03BparoM B pafioH 

crapTa c op6HTbi HC3    no OJIHOBHTKOBOH cy6op6HTanbHofi 
njiaHHpyiomeH TpaeieropHH, 

- a9po6ajiJiHcnraecKyio paKernyio cucreMy cocrosmyio H3 6anjrac- 
Tii'i^cKoro paKeTHoro   yacopirrejia H rHnep3ByKOBoro njiaHHpyio- 
mero JieTareJibHoro annapaTa c ÖojibiiiHM aapojjHHaMiraecKHM 
KaqecTBOM K » 3,5-4,0, 

- o^HocryneHqaTbifi xpaHcnopTHO-naccaacHpcKiifi paKeroiuiaH MöK- 

KOHTHHeHTaJIbHOH H   rjIOÖaJIbHOH «aJIbHOCTH, 
- paKeTHO-KocMiraecKHe CHCTCMW asHamioHHoro crapia  c jsp-  HUH 

CBCpx3ByKOBoro caMoneia-HOCHTejia. 
IlpHBeaeHbi H npoaHajDMHpoBaHHbi npoeKTHbie pa3pa6oTKH H KOHCT- 

pyiciHBHo-KOMnoHOBoqHbie cxeMbi pa3JiH»iHbix aapoKOCMHqecKHX CHCTCM. 

OrMeqeHa B03Mo>KHOCTb coiaaHHfl Ha HX 6a3e nojniocrbio MHoropasoBbix 
paKeTHbix KOMnneKCOB. PaccMoipeHbi BO3MOXCHOCTH npHMeHeHHH TaKHX cHcreM 
juut rnoöajibHbix TpaHcnopTHo-naccaacHpcKHX onepanHÖ H KOCMHiecKoro 
xypH3Ma. 

IlpoaHajiH3HpoBaHb[ npo6jieMbi CO3JJ&HHSI aapoKOCMiraecKHx 
op6HTajn>Hbix H cy6op6HTaJibHbix CHcreM B *mcTH pa3pa6oTKH H co3ÄaHna HOBMX 

TH7IOB       MHOrOKOMnOHeHTHblX       "KPfl,,       KOMÖHHHpOBaHHblX       ÄBHTaTeJIbHblX 
ycraHOBOK (BFJX+TKPJX), ooecneqeima Teiuio3aiHHTbi H TeroioBbix peacHMOB Ha 
6opTy JieTaTejibHoro annapaTa. IIpHBeaeHbi B03Mo»aibie KOMnoHOBorawe cxeMbi 
rwiiepsByKOBbix miaHHpyionmx annapaTOB c K= 4-6. 

PaccMOTpenbi npo6jieMbi cyöopÖHrajibHoro nonera c axMoc^epe c 
cBepxKpyroBOH acopocrbio. 



Bo3,oyinHO-KocMHHecKHH KOMiuieKC MHr-31C 

KopacyeB M.B., KocTpyöcKHH 3.K. 
ABHaHHOHHbiH Ha^HO-npOMLiiiuieHHWH KoMiuieKC "MHr" 

125299,   MocKBa, JleHHHipaflCKoe niocce, 6 
Tejie(poH/4>aKc: (095)150-78-26 

Bo3ayniHO-KocMiraecKHH KOMiuieKC MHr-31C npe;iHa3HaHeH wx BM- 

Benemra B aBTOMaTHHecKOM pexHMe cnyrHHKOB 3eMJiH Ha HH3KHe OP6HTM 

c BwcoTOH H= 00... 1000 KM, HaKjioHeHHeM i=0...90° H oöecneHmsaeT BWBOA 

Ha nojwpHyio op6nry Maccoft nopimxa 70 KT (H=500 KM) H 100 KT (H=200 
KM). 

KoMiuieKC MHr-31C COCTOHT H3 CBepX3ByKOBoro caMOjieTa-HOCHTejis 
MHr-31C, npHcnoco&neHHoro äJIH noflBecKH H TpancnopTHpOBKH paKeTW- 
HocTejw, H TpexcTyneHHaTOH paKeibi-HocHTejia PH-C. 

KoMiuieKC o6ecne^HBaeT BbmeaeHHe cnyrHHKOB Ha 3aßaHHbie OP6HTH 

C  OflHOFO  H3  Bbl6paHHbIX  aapOflpOMOB   1   KJiaCCa  C  B03MO:*CHOCTbIO  Bbi6opa 
napajuiaKca (6oKOBoro CMememui), BejiHHHHa KOTOporo cocraBJiaeT 6ojiee 
nOJIOBHHM MeiKBHTKOBOrO paCCT03HH5I Op6HTbI (L=1200 KM). 

KoMiuieKC MoxceT o6ecneHHBarb HecKOjibKO 3amycKOB B cyrKH. npH 
3TOM B3jieT H nojieT KOMiuieKca Majio 3aBHCHT OT BpeMeHH cyroK H noroa- 
Hbix ycjioBHH, nacTOTa 3a.nycKOB onpeflejraeTcn noTpeÖHbiM BpeMeHeM Ha 
noflBecKy paKeTbi-HOCHTeji«, 3anpaBKy caMOJieTa TOIUIHBOM, npe^nojieTHOH 
noflroxoBKOH caMOJieTa H onepaTHBHbra BBQZJ nporpaMMbi BbiBefleHHfl cnyr- 
HHKa (He öojiee 2-x qacoß). 

KoMnjieKc MHr-31C OTjiHHaeTCH OT paKeTHbix KOMiuieKCOB BbiBeae- 
HHH cnyrHHKOB TOH ace pa3MepHocra, cTapTyionnix c 3eMjiH, Mo6nnb- 
HocTbio H onepaTHBHOCTbK) npHMeHeHHH, aBJiaacb 6ojiee aKOHOMHHHWM no 
cpaBHeHHio c 3THMH KOMiuieKcaMH, TaK KaK B KanecTBe 1 CTyneHH B He 
npHMeneH cBepX3ByKOBOH caMOJieT-HocHTejib, KOTOpwö npH BbiBeaeHHH 
paKeTbi-HOCHTena B TO*iKy CTapTa (H=18 KM, V=650 M/C) peajiH3yeT «o 
35% nojiHOH 3HeprHH BbiBeflemiH cnyraHKa. 

KoMnjieKc He HMeeT KOMnoHeHTOB, 3aipa3HiiK>nnix OKpyacaiomyio cpe- 
Ay Ha ynacTKe BbiBe^eHHa cnyrHHKa H KOCMHHecKoe npocTpaHCTBO. 

CaMOJieT-HocHTejib MHr-31C (MOflHcpHKauiw caMOJieTa-nepexBaTHHKa 
MMr-31) pa3pa6oTaH H HcnwTaH AHI1K "MHr". B jieTHbix HcnwTaHHax 
caMOJieTa    BbinojiHeHbi    c6pocbi    raöapHTHo-BecoBoro    MaKeTa    paKeTbi- 
HOCHTejIH Ha TpaeKTOpHH BbIBeaeHHH B aBTOMaTHHecKOM H nojryaBTOMaTH- 
necKOM pexHMax ynpaBJienira. 

PaKeTa-HocHTejib PH-C pa3pa6aTbiBaeTca c Hcnojib30BaHHeM cy- 
mecTByiomHX CTyneHeii paKeT H CHCTCMH ynpaBJieHHa BMBeflemieM cnyrHH- 
Ka. 

CaMOJieT MHr-31C MoxeT 6biTb aaanTHpoBaH fljw npHMeHeHHa 3apy- 
ÖeacHbix paKeT-HocHTejieii BbiBe^eHHa cnyrHHKOB. 

M.KopafyeB 
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Aerospace Complex MIG-31S 

Korzhuev M.V., Kosturbsky E.K. 
Aviation Scientific-Industrial Complex "MIG" 

125299,   Moscow, Leningradskoe shosse, 6 
tel./fax (095)150-78-26 

MIG-31S Aerospace Complex is designed to put earth satellites into low 
orbits with H=200...1000 km altitudes and i=0...90° inclination in the 
automode. It enables to put into the polar orbit (i=90°) the satellites of about 
70 kg (H=500 km) and 100 kg (H=200 km) mass. 

MIG-31S Aerospace Complex consists of MIG-3IS supersonic carrier 
fit to suspend and transport a satellite booster and RN-S three-stage satellite 
booster. 

MIG-31S Complex provides satellites putting into desired orbit from 
one of the selected 1 class airdrome with possibility to choose parallax (side 
shift), which value is more than half of satellite orbit interconvolution 
distance (L=1200 km). 

The Complex can provide several launches a day. In this case, the 
Complex takeoff and flight are slightly dependent on the day time and 
weather conditions. 

The launching frequency is defined by the time required to suspend a 
satellite booster, fuel the aircraft, for its preflight preparation and rapid insert 
of the satellite putting program (not more than 2 hours). 

MIG-31S Complex differs from the rocket complexes, putting the same 
dimension satellites while launching from the Earth, by its mobility and quick 
application, being more efficient in comparison with these complexes because 
as its 1-st stage it uses the supersonic carrier, which realizes up to 35% of the 
satellite-putting total power while putting a satellite booster into the starting 
point (H=18 km, V=650 m/s). 

The Complex is free any components containing the environment in the 
path and the space. 

MIG-31S carrier (which is MIG-3I interceptor modification) is 
developed and built by ANPK "MIG". During aircraft flight testing the 
satellite booster dimensional-and-weight mock-up releases onto the putting 
trajectories were performed in both automatic and semiautomatic control 
modes. 

RN-S satellites booster is under development with application of the 
existing rocket stages and satellite-putting control system. 

MIG-31S Aircraft may be adapted to utilize the foreign satellite 
boosters. 
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MHoroijejieBoe npHMeHemie pa3roHHbix 6JIOKOB- 

OJJHO H3 nepcneKTHBHbix HanpaBjieHHH pa3BHTna 
paKeTHOH TeXHHKH 

P.B.AJIHMOB 
KB"CajiK)T" TKHniJ, HM.M.B.XpyHiraeBa 
121309, MocKBa, HoB03aBOflCKaa yji., 18 

Teji 142-59-21, (paKc: 956-24-41 

BaxHefiiuHM cpaicropoM HHTeHCHBHoro pa3BHTHH TexHOJiorHH H npax- 
THKH   C03flaHHH   MaJIblX   KA   ÜBJMeTCJI   (paKTOp   3KOHOMHHHOCTH.    BblCOKa« 
CTOHMOCTb   BbIBejjeHHfl   Ha  OpÖHTy  3aCTaBHJia  paSpaÖOTHHKOB   KA  CHIOKaTB 
Maccy H raßapHTLi annapaTOB, noBbimaTb HX pecypc, peajiH30BMBaTb rpyn- 
noBoe H nonyTHoe BbiBejjeHHe. 

B ,a;oiüia#e aHajiH3HpyioTC5i ocHOBHbie HanpaBjieHHH noBbimeHHfl 3KO- 

HOMHHeCKOH   peHTaÖejIbHOCTH   KOCMHraeCKOH   AeHTeJIbHOCTH   H   B   KaMecTBe 
o^Horo H3 necneKTHBHbix HanpaBjieHHH paccMaTpHBaeTCü MHoroHejieBoe 
npHMeneHHe pa3roHHbix GJIOKOB paKeT-HOCHTejieö. 

Ha ocHOBe Hcnojib3QBaHiw pa3roHHoro öJIOKE "BpH3-KM" paiceTbi- 
HocHTejia "POKOT", o6jia/j;aiomero BWCOKHMH SKciuiyaTaHHOHHbiMH 
KanecTBaMH, paccMaTpHBaeTCH B03M03CH0CTb peajiH3auHH nporpaMMbi paÖOT 
B HHTepecax HayKH, conHajibHO-aKOHOMHHecKoro pa3BHTHH H MeacnyHapofl- 
Horo coTpyaHHqecTBa.  B KanecTBe B03MoacHbix HanpaBjieHHH paöoT pac- 
CMaTpKBaeTCH, B ^aCTHOCTH, HCCJieflOBaHHe JJHHaMHKH 3aCOpeHHOCTH OKH, 
OTpaÖOTKa CpeHCTB paC^IHCTKH OKU, HCCJiejJOBaHHe HOTOTHblX MeTeOpOH/JOB 
Bom 

P.AJIHMOB 



AHajiH3 3HepreTHHecKHX 3aTpaT 
npn BbiBe/xenHH MaiJibix cnyTHHKOB Ha reocTauKonapHyio opömry 

C IipHMCHCHKieM flBHraTdlH MajIOH THrH 

B. BacHjiteB, 
3. KOAOJIOB, C. ÜHÄOHeHKO 

rKB "lOamoe" 
320008 YKpaHHa, r. /jHenponeTpoBCK 

yji. KpHBopoÄCKaa 3 
OaKc: (0562) 700430 

JJfiKnajs, nocBanjen BonpocaM aHajiH3a 3HepreTHHecKHx 3aTpaT npn AOBBIBCZJC- 

HHH MajiBix cnyTHHKOB (cBH3Hbix, MeTeopojionraecKHX, HaBHraHHOHHBix) Ha reocTa- 
HHOHapHyK) opÖHTy c upHMeHeHHeM ajieKTpopeaKTHBHofi .nBHrarejibHOH ycraHOB- 
KH (3P^y). 

Pa3pa6oTaHa MeTo^HKa noncKa pannoHajibHoro ynpaBneHHa ABHraTejibHoft yc- 
TaHOBKOH ManoH Tarn npn ÄOBBiBefleHHH cnyTHHKOB Ha reocTanHOHapHyto opÖHTy c 
yneTOM HanoKeHHoro orpaHHHeHM Ha /uiHTejibHOCTb MaHeBpa. PemeHa 3a^ana noncKa 
ÄJiHTejiBHOCTH MaHeBpa c orpaHH^eHHeM Ha KOJIHHCCTBO TonjiHBa. IlpeflycMOTpeHa 
B03MO>KHOCTb HCnOJIB30BaHHK KOMÖHHHpOBaHHOH flBHTaTeJIBHOH yCTaHOBKH - 5KHÄKO- 
CTHoro peaKTHBHoro ^BHraTena COBMCCTHO C 3P,Hy. IIpHBeßeH&i pe3yjiBTaTbi pacneTa 
flJia ^OBBB3eÄeHHa C pa3JIHHHBIX npoMeacyTOHHbix OpÖHT. 

B. BacHjiteB 



B HacToamee BpeMa MHorne Majibie cnyTHHKH (cBa3Hbie, MeTeopoJiorHnecKHe, 
HaBHrau,HOHHbie) ^OBbiBO/iaTca Ha reocrauHOHapHyio opGnry (rCO) HenocpeflCTBeHHO 
JIHÖO flOpa3rOHHHM ÖJIOKOM paKCTH - HOCHTeJia (PH), JIHÖO COÖCTBeHHOH flBHraTejIb- 
HOÄ ycTanoBKOH #OBbiBe,zjeHHa KA. B KanecTBe flBHraTejia B OöOHX cjiynaax npHMeHa- 
eTca acHflKOCTHoii peaKTHBHtifi ABHraTejib (5KPÄ). K npeHMymecTBaM TaKoro cnocoöa 
OTHOCHTCH Majiaa AJiHTejibHocTb MaHeBpa: cpaBHHTejibHO öojibiHoe peaKTHBHoe ycKO- 
peHHe, pa3BHBaeMoe 5KPfl, no3BOJiaeT cymecTBeHHO H3MeHaTb ocKyjiKpyromne 3Jie- 
MeHTbi op6HTbi B npe^ejiax cwioro BHTKa. He^ocTaTKOM aBJiaeTca HH3KHH yuejibHbiH 
HMnyjibC )KP,fl, (200..350 c) H, KaK cneacTBHe, BMCOKHH pacxo/t TonjiHBa Ha MaHeBp. 
3TO yMeHbiuaeT Maccy nojie3HOH Harpy3KH, BMBO^HMOH Ha FCO. flpn STOM CHH>KaeTca 
3(J)(j)eKTHBHOCTb HCHOJIb30BaHHa KOCMHHeCKOH TpaHCnopTHOH CHCTeMbl. 

CHH3HTb 3aTpaTbi TonjiHBa MoacHO, Hcnojib30BaB npn ßOBbiBeaeHHH sjienpope- 
aKTHBHyio «BHraTejibHyro ycTaHOBKy (3P,Zjy) BbiBOflHMoro KocMHHecKoro annapa- 
Ta (KA). y^ejibHbiH HMnyjibC 3?ffY (1500..2500 c) 3HanHTejibHO öojibiue, HCM y "KPJl. 
TaKHM o6pa30M, npn AOBbiBe^eHHH Majibix KA Ha TCO c Hcnanb30BaHHeM 3P#y, 
ecTb B03MoxcHOCTb floÖHTbCH yMeHbHieHHH Maccbi pacxozrycMoro paöonero Tena. 0,a- 
HaKO peaKTHBHoe ycKopenne, pa3BHBaeMoe SPflV, Ha nerape - naTb nopswKOB MeHb- 
me, neM y "KPfl,. 3TO npHBO^HT K TOMy, mo npn ßOBbiBe/jeHHH c Hcnojib30BaHHeM 
3P^y ocKyjinpyioiUHe SJieMeHTbi opÖHTbi B npe^enax o/pioro BHTKa nojiynaioT Majiwe 
npnpameHHa, HTO Be^eT K 3HaHHxej;[bHOMy yBejinneHHio ajiHTejibHoera MaHeBpa B ue- 
JIOM. 

HacTOHHiaa paöoTa nocBameHa aHanH3y 3HepreTHHecKHx 3aTpaT npn AOBbiBe- 
^eHHH Manbix cnyTHHKOB Ha reocTauHOHapHyio opönry c npHMeHeHHeM 3P^y. J\SLH- 

Haa TeMa noAHHManacb B pa6oTax [1,2]. LJejibio flaHHOH paöoTbi aBHJica noncK painio- 
HajibHoö cxeMbi ^OBbiBeÄeHHa Ha TCO c Hcnojib30BaHHeM ABHrarejia MajioH Tarn. 
IlpeanoaceH MeTOß onTHMH3anHH opÖHTajibHoro MaHeBpa ÄOBbiBefleHHa c npHMeHeHH- 
eM KOMÖHHHpoBaHHoft ^BHraxejibHOH ycTaHOBKH (3Pfl,y+^CP,Z]|). 

HcxojHbie nojioaceHHa 

Jlna npHMepa paccMOTpeHbi cjieAyromHe xapaKTepHCXHKH 3P,Hy: 
• yaenbHbifi HMnyjibC 1500 c; 
• yAenbHoe noTpeöJieHHe sjiexTposHeprHH 3VJjy 180 BTAX; 

• Tara OßHoro öjioica SP^Y 8 re. 
B 3THX ycjiOBHax 3jieKTpHHecKaa MomHOCTb, HeoöxozuiMaa j\n% paöoTbi o^Horo 

ÖJIOKa  SPAY,   COCTaBHT   1440   BT,  HTO   OpHeHTHpOBOHHO   COOTBeTCTByeT  MOIHHOCTH, 
oöecneHHBaeMoii CHCTCMOH sjieioponHTaHHa (C3Ü) B KOHue cpoKa aKTHBHoro cyme- 
CTBOBaHHa pa^a coBpeMeHHbix cnyTHHKOBbix njiaT<j)opM, HMeiouiHx Maccy OKOJIO 

600 Kr (TaöJiHHa 1). 

B. BacHJibeB 



Ta6jiHu;a 1. 

Ha3BaHne 
nnaT(})opMBi 

Onpwta - 
pa3paÖOTHHK 

Macca, Kr MoiIüHOCTb CHCTeMM 
3JieKTpOIIHTaHHfl, BT 

SB - 1000 Aerospatial Espace 500.. 715 1500 
GE-3000 GE Astro Space 760 1400 .. 1600 
SB-100 DASA 850 1463 
INSAT ISPRO 650 1200 

HS - 376 Hughes SCC 560 900 

npHMeM B pacneTax npn AOBtiBeÄeHHH c noMombio 3?ffY HanajibHyio Maccy 
KA paBHOH 850 Kr, a npn ÄOBtiBe,a;eHHH c noMonjbio KOMÖHHHpoBaHHofi flBHrarejibHOH 
ycTaHOBKH (KßY) - 1700 Kr. 

B Ka^ecTBe onopHofi op6HTH Bbi6epeM KpyroByio opÖHTy BHCOTOH 4000 KM. 

TaK KaK Ha ynacnce ncmbmejiemui MoiHHOCTb, noTpei5jiaeMaa nojie3Hofi Harpy3- 
KOH KA, MHHHMaJIbHa, TO npaKTHHeCKH BCa MOIUHOCTb C3I1 MOtfCeT 6bITb HCnOJIfc30Ba- 
Ha fljia pa6oTbi 3PAV, HTO oöecneniiT npHBe,n;eHHoe 3HaneHHe Tarn. 

npH paCCMOXpeHHH MaHeßpOB C HCnOJIb30BaHHeM >KH^KOCTHOrO peaKTHBHoro 
ÄBHraTejia QKP,Z0 npHHaT yzjejibHbiH HMnyjibc 300 c, Tara - He MeHee 10 Krc. 

npH npoBe,n;eHHH oueHOK npHHaTo 3HaneHHe Maccbi KOHCTpyKHHH ßopa3roHHO- 
ro yKPJl H TonjiHBHMx 6aKOB na ypoBHe 25% OT Maccti noTpeÖHoro TonjiHBa. 

B KanecTBe opHeHrapoBOHHoro 3HaneHHa flonycTHMoro cyMMapHoro BpeMeHH 
ßOBMBeÄeHHa öbuia npHHäTa AJiHTejibHocib MaHeßpa 200 cyxoK. 

Hccne^OBaHH« npoBe^eHbi Ha ocHOBe aHajiH3a npHÖJiHaceHHbix aHajiHTHnecKHX 
3aBHCHM0CTeH ^BH>KeHH« KA B ueHxpajibHOM HeB03MymeHHOM none npHTaaceHHH 
3eMiiH c yneTOM nepeMeHHOH MaccH KA H H^eajibHOH opHeHTaipra BeKTopa Tarn ABH- 

raTejibHOH ycTaHOBKH (RY) B opÖHxajTbHOH CHCTeMe Koop/niHaT. 
npHMeM cjie^yioiHyK) cxeMy MaHeßpa ÄOBbiBe,n;eHHa (pnc. 1): 

nepexo« c onopHoä opÖHTH Ha HeKOTopyio npoMeacyroHHyio sjuinnTHHe- 
cKyio opÖHTy c HCJIBIO CHHKCHHS 3aTpaT Ha H3MeHeHHe HaKJioHeHHa njioc- 
KOCTH OpÖHTM (1 3Tan); 
H3MeHeHHe HaiaioHeHHa njiocKocra opÖHTbi (2 3Tan); 
nepexoß Ha Tpe6yeMyio KpyroByio op6HTy (TCO) (3 3Tan). 

ripoMe^yTOMHaa opßnTa 

1. 

2. 
1 

OnopHaR opöma /        ^^^S^^S^p1*"' \ TCO 

PHC. 1. CxeMa AOBbiBeßCHHa KocMHHecKoro annapaTa Ha TCO c noMombio 3?Jjy. 

B. BacHjibeB 3 



CnHTaeM, HTO MaiieBp npoH3BO#HTca c noMOinbK) 3P^y. B cjiynae, ecuH n,jm- 
TenBHocTt MaHeBpa npeBMCHT ßonycTHMyio, Ha HanajiBHBix STanax c nejiBio coKpame- 
HHfl AJiHTejibHOCTH MaHeBpa /to AonycTHMoA npHMeHaeTC« DKPfl,. 

BbiBejeHHe c noMoniBio ajieKxpopeaKTHBHoft jBHraxejibHOH ycraHOBKH 

ripn pacqeTax TpaeKxopHH BBiBe#eHHa KA c onopnoH opÖHTBi, o6ecneHHBae- 
MOH PH H pa3roHHHM GJIOKOM, Ha reocxaHHOHapHyio opÖHTy c noMomBK) 3P,fly npn- 
HaTa cjie^yiomaa KOHnenuHa Bwöopa nporpaMM ynpaBJieHHa £BHraTejiBHOH yeraHOB- 
KOH. 

a) HanpaBjieHHe BeKTopa Tarn Ha STane KoppeKUHH HaKJioHeHHa - 6HHopManB- 
HOe. HsMeHeHHe HaKJIOHeHHa OpÖHTBI npOH3BOflHTCa npH HaHÖOJIBHieÄ BBICOTe OpÖHTBI 
(B oKpecTHOCTH anorea), Koryja 3HaneHHe anoreftHOH CKopocTH MHHHMajibHo. 

MHHHMajiBHBift pacxo« TonjiHBa oöecneHHBaeTca npn BKjnoHeHHH Jjy B MHHH- 

MajiBHofi OKpecTHOCTH anorea, o^naKO STO npHBojnrr K Heo6xo^;HMOCTH npoBefleHHa 
KOppeKHHH Ha 60JIBIHOM HHCJie BHTKOB H, COOTBeTCTBeHHO, - K OHeHB 6OJIBIHOH #JIH- 
TejiBHocTH MaHeBpa. PacmnpeHHe STOH OKpecTHOCTH c oflHoft CTopoHBi coKpamaeT 
fljiHTejiBHocTB MaHeBpa, a c Äpyrofi - npHBOßHT K HeonTHMaiiBHOMy pacxo^y paöonero 
Tejia J\Y H cooTBeTCTByioiHeMy yBerraneHHio ero noTpeÖHoä MaccBi. 

6) HanpaBjieHHe BeKTopa Tarn npH KOMnnaHapHBix nepexo,o;ax Ha 3-Tane H3Me- 
HeHHa paßHyca opSHTBi - TpaHCBepcajiBHoe. 

npn nepexo#e Ha TCO c sjuinnTHnecKOH opÖHTBi MHHHMajiBHBiH pacxofl Ton- 
jiHBa oöecneHHBaexca npn BKjnoneHHH Jjy B MHHHManBHBix OKpecTHOCTax anorea H 

nepnrea, o^HaKO STO TaK>Ke npHBO^HT K OHCHB öOJIBHIOH .zyiHTejiBHOCTH MaHeBpa. AHa- 
jiorHHHo cjiynaio KoppeKHHH HaKJioHeHHa, pacniHpeHHe 3THX OKpecTHOCTeft c O^HOH 

CTopoHBi coKpainaeT ÄJiHTejiBHOCTB MaHeBpa, a c flpyroo - npHBOjniT K aonojiHHTejiB- 
HOMy pacxo^y paöonero Tejia. KpoMe Toro, npnuoaceHHe ynpaBjiaiomeH CHJIBI He TOH- 

HO B anoree HUH nepnree, a B HX OKpecTHOCTax, 0Ka3BiBaeT napa3HTHoe BjinaHHe Ha 
napaMeTpBi op6nTBi, HTO noTpeöyeT nocjieayiomeH HX KoppeKrapoBKH. 

ITpH pacneTe ynpaBjieHHa 3P/l,y B03HHKaeT HCO6XOäHMOCTB B oneHKe SHepre- 
THHecKHx 3aTpaT 3a MaHeßp. B KanecrBe HHacHero npeaejia npHMeM 3aTpaTBi, paccHH- 
TaHHBie B HMnyjIBCHOH nOCTaHOBKC BBe^eM B CB33H C 3THM TaK Ha3BIBaeMBIH K03$4>H- 
HHeHT HeOnTHMajIBHOCTH HCHOJIB30BaHHa 3P^y.  OÖOSHaHHM  ero KH-  3Ta BejIHHHHa 
xapaKTepH3yex H3ÖBiTOHHBie 3aTpaTBi xapaicrepHCTHHecKOH CKopocTH, o6ycjioBJieHHBie 
pa6oToft B OKpecTHOCTH ToneK onTHMajiBHoro npHJioMceHHa Tarn, OTHOCHTCJIBHO 

"HMnyaBCHoro" MHHHMyMa. 3aBHCHM0CTB flJiHTejiBHOCTH MaHeBpa noAHaTHa nepnrea c 
BBicoTBi 4000 KM flo 35800 KM npn KOMneHcaHHH pocTa anorea Ha BBicoTe 35800 KM OT 

K03(|)^HHHeHTa KH npHBe^eHa Ha pncyHKe 2. 

B. BacHJiBeB 
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PHC. 2. 3aBHCHMOCTb ^JIHTeJIbHOCTH MaHCBpa OT K03(J)(J)HU;HeHTa HeonTHMajIbHOCTH. 

ECJIH   npHHflTB   BeJIHHHHy   KOa^HUHeHTa   HeonTHMajIbHOCTH   KH   H3BeCTHOH, 
pacneT 3HepreTHHecKHx 3aTpaT npn Hcnojib30BaHHH 3P^Y MOäHO BecTH B HMnyjibc- 
HOH nocTaHOBKe. PenieHHe 3a^aHH noHCKa 3aTpaT xapaicrepHCTHHecKOH CKopocTH B 

HenpepbiBHOH nocTaHOBKe Sy/jeT oxjinnaTbca OT penieHH» TOH ace 3ajwm B HMnyjibc- 
HOH nocTaHOBKe B npe/jejiax (1+ KH) pa3. 

ECJIH aonycTHTb, HTO 3a BpeMa paöoTbi jjiBHrarejibHOH ycTaHOBKH CKopocTb H3- 
MeHeHHa 3KcneHTpHHecKOH aHOMajmn nocToaHHoft, npn pacneTe jjjnrrejibHOCTH BKjno- 
HCHHH na KaxgjoM icoHKperaoM BHTKe ycjioBHe MaKCHManbHoro npHOJinaceHHa 4>aKTH- 
necKHx 3aTpaT K pacneTHbiM ö'yzjeT HMeTb BH/J; (1): 

1 + K  = - 
df(Ecp)/dt 

Af/AtBra 
(1) 

f -   npnpameHHe KoppeKTHpyeMoro napaMeTpa opÖHTbi, 
AtBKJ1      -    JIJIHTeJIbHOCTb BKJIIOHeHHa ffY Ha BHTKe, 
Ecp - sKcneHTpHHecKaa aHOMajma cepeflHHbi oKpecTHocTH BKjnoHeHHa, 

TOHKa onTHManbHoro npHjioaceHHa Tarn. 
HncjiHTejib npaBoS nacTH BbipaaceHHa (1) ecTb MaKCHMajibHaa npoH3Bo^Haa 

npnpameHHa KoppeKTHpyeMoro napaMeTpa opÖHTbi no zmiiTejibHOCTH BKJiiOHeHHa. A 
3HaMeHaTejib - cpe/nraa npoH3BO/niaa npnpaiqeHHa KoppeKTHpyeMoro napaMeTpa op- 
6HTM no ÄJiHTejibHocTH BKjnoneHHa ffY. TaKHM o6pa30M BenHHHHa (1+KH) nponop- 
HHOHajIbHa   OTHOHieHHK)   XapaKTepHCTHHeCKHX   CKOpOCTeH   B   HenpepbiBHOH   H   B   HM- 
nyjibCHOH nocTaHOBKax cooTBeTCTBeHHO, Heo6xo/jHMbrx #JUJ H3MeHeHHa KoppeKTHpye- 
Moro napaMeTpa Ha o/jny H T>' ace BejiHHHHy. 

CnHTaa peaKTHBHoe ycKopeHHe 3?J\y ManbiM, MOKHO npHHaTb, HTO no,n ero 
BJinaHHeM Me^neHHo H3MeHaK>inHeca ocKyjiHpyiomHe sjieMeHTbi op6HTbi H3MeHaK)Tca 

B. BacHJibeB 



HecymeCTBeHHO H npHHaTb HX Ha BHTKe nOCTOaHHblMH. HcXO,na H3 BbipaaceHH» (1), ÄJIH 
MaHCBpa H3MeHeHHH HaKJIOHeHHH OpÖHTbl BtipaMCeHHe flJIS yrnOBOH /DIHTeJIbHOCTH EA 

anoreÄHoro BKJiiOHeHHa J\Y npHMeT BHä (2): 

EA = 
sin(EA)(Ae - 2(1 + KH)(1 + e2))-0.5esin(2EA)(l + KJ 

3e(l + K„)-A 

2-y/"n(l-e2)' 

(l-e)p^ 

(2) 

EA  - noJiOBEHa anoreiiHOH OKpecTHOCTH BKJHOHCHHH SP/JY, 
p    - 4>0Kanfc.HBiH napaMeTp, 
e       - 3KCIjeHTpHCHTeT OpÖHTBI, 
[i    - rpaBHTaijuoHHafl nocroaHHaa. 
ßjia MaHeBpa noßHaraa nepnrea c OAHOBpeMCHHbiM TopMoaceHHeM pocTa ano- 

rea Ha yrnoBbie OTHTCJIBHOCTH EA H En nojioBHH anoreHHoro H nepHreÄHoro BKjnoHe- 
HHH HaKJiaßbiBaioTca cjie^yiomne orpaiiHHeHHa: 

Er 

EA = 

EA(2 + KH(l-e)-e) + e(sin(EA)-sin(En)) 

K„(l-e)-e 

(4 + e)En + 4(sin(EA) + sin(En)) + 0.5e(sin(2E A) - sin(2En)) 
4 + e 

(3) 

^jia cirynaa noflHHTHa anorea H KOMneHcanHH pocTa nepnrea orpaHHHeHHe Ha 
nojioBHHy oKpecTHocTefi: EA H En anoreÄHoro H nepnreHHoro BKjiioHeHHH HMeeT BHJI: 

En = 
EA(e + KH (1 + e)) - e(sin(EA) - sin(En)) 

2 + e + KH(l + e) 

(4 - e)En - 4(sin(EA) + sin(En)) + 0.5e(sin(2EA) + sin(2En )) 

(4-e) 

(4) 

nojiyneHHbie ycjiOBHa oöecneHHBaioT pacneT ynpaBJieHHa Ha opÖHTajibHbiH ne- 
pexoÄ c OTKJioHeHHeM peaJibHbix 3arpaT xapaicrepHCTHHecKOH CKopocra OT MHHHMajib- 
Ho B03MO)KHbix B npe/jeaax + 10 % jjjia K03$4)HI^HeHTa HeonTHMajibHOCTH KH < 60 %. 

riOHCK pailHOHailbHOH npOMeaCVTOHHOH ppÖHTbl 

Ha pncyHKe 3 H3o6pa>KeHa 3aBHCHMocTb noTpe6Hoö Maccw TonnHBa OT pa/piy- 
ca anorea .zyia pa3JiHHHbix yrjioB HaKJiona nnocKOCTH onopHofi opÖHTbi. 

B. BacHJibeB 



350 -r 

7 
O 

ID 
(0 a. 
CO o o 
w 

TO 
x 

ID 
<u 
D- 
H 
O 

300 

250 - 

200 

150 

i = 60 rpafl. 

i = 40 rpafl. 

^ 
i = 30 rpafl. \       \ 

i = 20 rpsifl. 

i = 10 rpafl. ^ 

"I 1 1 T 1 1 1 P 1 1 1 1 1 1 1 1 1 1 1 j 1 1 1 1 ) 1 1 1 1 1 

10000 20000 30000 40000 50000 60000 

Paflnyc anoren npoMe>KyTOHHOü opönTbi, KM 

PHC.3. 3aTpaxbi TonjiHBa Ha MaHeBp. 

KaK BHflHO H3 pHcyHKa 3, AJIK Jiio6oro HaKJiOHeHHa cymecTByeT Taicon paznryc 
anorea npoMeacyroHHofi opÖKTti, npn KOTOPOM cyMMapHBie 3aTpaxBi TonjiHBa Ha Ma- 
HeBp 6yayT MHHHMajiBHbiMH. 3aBHCHMOCTt pazniyca anorea npoMeacyroHHOH op6HTbi 
OT HaKJioHeHHH onopHofi op6HTBi npHBe,zjeHa Ha pncyHKe 4*. OnopHaa opÖHTa - icpyro- 
Baa c BBICOTOH 4000 KM. 

* ITpH paCMeTe 3aBHCHMOCTH OOTHMajIbHOH BBICOTH anore« npOMeXCyTOHHOfi OpÖHTBI OT Ha- 
KJioHeHHH ynpaBJieHne paccMHTtmajiocb nm K„, paBHoro 0.5. 
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PHC. 4. 3aBHCHMOCTb BBICOTBI anorea onTHMajiBHoii npoMeacyTOHHofi opÖHTBi OT 

HaKJioHemra. 

H3 pncyHKa 4 cjie^yeT, HTO c POCTOM HaioioHeHHa npoMeacyTOHHofi opÖHTBi on- 
THMajibHWH pa^nyc anorea yßejiHHHBaeTca. C yBeJinneHHeM pajniyca anorea npoMe- 
»cyTOHHOH opÖHTbi 3arpaTBi Ha H3MeH6HHe HaKnOHeHHa yMeHbinaioTCH, HO pacnyT 3a- 
TpaTBi TonjiHBa, CBa3aHHBie c nepexoaoM Ha npoMOKyTonnyio op6HTy H nepexonoM c 
Hee Ha TCO. Hpn noncKe paHHOHajiBiioro ynpaBJieHHa noaßjiaeTca Heo6xoÄHMOCTB B 

onpe^ejieHHH npoMeacyTOHHofi opÖHT&i, npn KOTopofi TpaTHTca MHHHMyM TonjiHBa Ha 
BecB MaHeBp. B HMnyjiBCHoä nocTanoBKe npn npHHaTBix orpaHHHeHnax Ha nocxieflOBa- 
TejiBHOCTB op6HTaji&HBix nepexo,z;oB 3Ta 3aaana cBOflHTca K noncKy 3KCTpeMyivia 4>yHK- 
HHH oflHOH nepeMeHHoft - pa^nyca ainorea npoMeacyTOHHoä opÖHTBi. 

fljiHTejiBHOCTB MaHeBpa npn HcnonB30BaHHH TOJIBKO 3VJjy 3HaHHTejiBHO npe- 
BocxoflHT AonycTHMyK). Ilo3TOMy B03HHKaeT HeoSxoflHMOCTB B npHMeHeHHH yKPR. 

BBiBeaeHHe Ha reocTauHOHapHVio OPSHTV npn HcnojiB30BaHHH KOMÖHHHpoBaHHOH 
JBHraTeJIBHOH VCTaHOBKH 

Hcxo^a H3 ycjiOBHa MaKCHMroannn peaKTHBHoro ycKopeHHa ßBHrarejiBHOH yc- 
TaHOBKH npHMeM, HTO W?J\ uejiecoo6pa3HO HcnojiB30BaTB Ha HanaJiBHBix STanax Ma- 
HeBpa, H TOJiBKO nocjie pacxoaa Bcero TonjiHBa H c6poca caMoro )KP^ - npHMe- 

H8TB 3P/JY. 
riocKOJiBKy neiiB npHMeHeHHa )KP,H - "ßnacaTBca" B Tpe6yeMoe BpeMa MaHeBpa, 

oneBHÄHO, HTO no^xofl K ero npHMeneHHio £0jraeH öBITB cjiejiyiomHM: c noMomBK) 
JKPR npoH3BOflHTca nepexofl Ha npoMeacyTOHHyio op6HTy H H3MeHeHHe HaKJioHeHHa, a 
c noMOiHBK) 3P,U;y - BBixofl Ha TCO. B cjiynae HeßOCTaTKa BpeMeHH ^Jia nepexo^a Ha 
TCO nacTHHHO HcnojiB3yeTca 5KPfl. 

Ha 3Tanax, rpß npHMCHaeTca 5KP.ZJ, pacneTBi MOECHO Becra B HMnyjiBCHofi no- 
CTaHOBice, CHHTaa, HTO xapaicrepHCTHHecKaa CKOPOCTB 3aTpaHHRaeTca MrHOBeHHO. Ma- 
HeBpBi, ocymecTBjiaeMBie c HcnojiB30BaHHeM 3P,D,y, CHHTaioTca MeTOßOM, onncaHHBiM 

BBiuie. 
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3aBHCHMocTt onTHMajibHoro pazmyca anorea npoMeacyTOHHoft opÖHTbi OT Ha- 
KjiOHeHHa npoMeacyTOHHOH opÖHTbi npHBe^eHa Ha pncyHKe 5. OnopHaa opönra - Kpy- 
imaa c BLICOTOH 4000 KM. 
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PHC.5. 3aBHCHM0CTt BticoTbi anorea onTHMajibHOH npoMeacyTOHHOH OpÖHTbl OT 
HaKJIOHeHHH. 

Kax BHÄHo H3 pncyHKa 5, rpa(|)HK BBICOTBI anorea HMeeT ropH30HTajibHbri_ yna- 
CTOK, cooTBeTCTByiomHH BBicoTe TCO, fljia HaKJIOHeHHH B npe/jejiax 2..83 rpaaycoB. 
riojryHeHHbie ^aHHbie nosBOJiaioT cnejiarb BBIBOä O TOM, HTO BbicoTa anorea onopHoii 
OpÖHTbl AOJDKHa CTpeMHTbCa K BblCOTe TCO. 

Bbuia npoBeaeHa cpaBHHTe.ra.Haa xapaKTepncTHKa MaHeBpa ÄOBbiBeßeHHa KA 
Ha TCO #jia cjiynaeB Hcnojib30BaHHa 3?ffY (HanajibHaa Macca KA 850 Kr) H KOM6H- 

HHpoBaHHOH ,_(y(Ha _ajibHaa Macca KA 1700 Kr). OnopHbie op6nTbi - KpyroBbie c BBI- 

COTOH 4000 KM H HaKjioHeHHeM 46 H 5 rpaaycoB. Pe3yjibTaTbi pacneTOB npHBe^eHbi B 

TaöjiHHax 2 H 3. 

Ta6jiH_;a 2. 

HapaMeTpbi 
onopHoft OpGHTbl 

J^jiHTejibHocTb MaHeBpa, 
CyTKH 

rioTpeGHaa Macca pa6onero 
Tejia, KT 

i, rpaa; h%, KM ha, KM 1 3Tan 2 3Tan 3 3Tan Bcero 1 3ian 2 3Tan 3 3Tan Bcero 
46 4000 4000 810 353 269 1432 124 110 93 327 

5 4000 4000 133 142 345 620 36 36 158 230 
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Ta6jiima3. 

riapaMeTpti 
OnOpHOH OpÖHTfcl 

fljiHTejiBHOcTB MaHeBpa, 
CyTKH 

IloTpe6Haa Macca paöonero 
Tejia, Kr 

i, rpafl hK, KM h«, KM 1 3Tan 
pKPfl) 

2 sxan 
QKPff) 

3 3Tan 

OPÄV) 
Bcero 1 3Tan 

(JKPfl) 
2 3Tan 

WD 
3 3Tan 

PPflV) 
Bcero 

46 4000 4000 0 0.3 175 175 731 389 194 1314 

5 4000 4000 0 0.3 180 180 731 54 277 1062 

KaK BH^HO H3 TaÖJiHD;, fljia AaHHoro cjiyHaa, BpeMK Ha AOBbiBefleHHe c ncnojib- 
30BaHHeM TOJibKO 3P^Y öojiee, neu B Tpn pa3a npeBoexo^HT #onycTHMoe. /I,jiHTejib- 
HOCTb MaHeBpa C  HCnOJIb30BaHHeM  KOMÖHHHpOBaHHOH ^BHraTeJIbHOH yCTaHOBKH  co- 
CTaBHJia 175 H 180 cyTOK, HTO JIOKHT B flonycTHMbix npe^ejiax. BMecTe c TeM, ecnn 
orpaHHneHHe Ha junrrejibHOCTb MaHespa oTcyTCTByeT, 3a cneT cHHaceHHH 3aTpaT Ton- 
jiHBa B cjiynae Hcnojib30BaHHa TOJibKO 3PflY, noaBJiaeTca BOSMOHCHOCTB BbiBe^eHHH Ha 
TCO TeM ace HOCHrejieM ßßyx KA. 
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2. CajiMHH B.B., HHIKOB C.A., PoMaHeHKO B.A. YBejiMHeHHe nojie3HOH Ha- 
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Analysis of Power Consumption in Small - Sized Satellite Injection 
into Geostationary Orbit Using Thruster 

V. Vasilyev, 
E. Kodolov, S. Pidonenko 

Yuzhnoe SDO 
320008 Ukraine, Dnepropetrovsk city 

Krivorozhskaya str. 3 
Fax: (0562) 700430 

The report is devoted to problems of power consumption analysis in final injec- 
tion of small -sized satellites (communications, meteorological, navigation) into geosta- 
tionary orbit using the electric -jet propulsion system (EJPS). 

A procedure to search a rational thruster control in final satellite injection into 
geostationary orbit with account of restriction imposed on maneuver duration is devel- 
oped. A problem to search a maneuver duration with restriction on propellant quantity is 
solved. A possibility to use a combined propulsion system - liquid jet engine with EJPS 
is provided. Results calculation of for final injection from different transfer orbits are 
given. 
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At the present many small-sized satellites (communication, meteorological, 
navigation) are injected finally directly to the geostationary orbit (GEO) either with the 
help of launch vehicle's upper stage or own propulsion system used for final spacecraft 
injection. Liquid propellant rocket engine (LPRE) is used in both cases. An advantage 
of such method consists in small duration of manoeuvre: comparatively large reactive 
acceleration developed by LPRE allows to change considerably an osculating compo- 
nent of orbit during a single orbital turn. Disadvantage of above method consists in low 
specific impulse of LPRE (200..350 s) and as a consequence high propellant consump- 
tion to make a manoeuvre and lower mass of payload injected to GEO. In this case effi- 
ciency of space transport system is decreased. 

It is possible to reduce propellant consumption by using in the course of final 
injection an electric jet propulsion system (EJPS) installed on a spacecraft (SC) injected 
to orbit. EJPS specific impulse (1500..2500 s) is considerably higher in compare with 
LPRE. So, during SC final injection to GEO using the EJPS a possibility exists to de- 
crease weight of consumed propulsive mass. But reactive acceleration developed by 
EJPS is four - five orders less than LPRE acceleration. It lead to that in the course of 
final injection using EJPS the osculating orbital component obtains small increments 
during a single turn that results in considerable increase of manoeuvre duration as a 
whole. 

The given paper is devoted to analysis of power consumption during small - 
sized satellites injection to GEO using an EJPS. This problem was examined in papers 
[1,2]. The purpose of the given paper consists in search of rational pattern of final in- 
jection to GEO with the help of a thruster. Method of optimization of final injection or- 
bital manoeuvre using combined propulsion system (EJPS+ LPRE) is proposed. 

Initial conditions 

The following EJPS characteristics are considered as an example: 
• specific impulse 1500 s; 
• EJPS specific power consumption 1800 W/gram - force; 
• thrust of single EJPS unit 8 gram - force. 
Subject to these conditions an electric power required for operation of single 

EJPS unit equal 1440 W that approximately corresponds to power generated by power 
supply system (PSS) at the end of active life of some modern satellite buses of mass 
about 600 kg (see table 1). 

Table 1 

Bus Developer Mass, kg Supply system power, W 
SB-1000 Aerospatial Espace 500 .. 715 1500 
GE - 3000 GE Astro Space 760 1400.. 1600 
SB-100 DASA 850 1463 
INSAT ISPRO 650 1200 

HS - 376 Hughes SCC 560 900 

If final injection is fulfilled with the help of an EJPS, let's take a value of 850 kg 
as an initial mass of SC for our estimations and for the case of combined propulsion 
system 1700 kg. 

Circular orbit of 4000 km height will be used as a base line orbit. 

V. Vasilyev 



Due to the fact that at final injection leg a power consumed by SC's pay load is 
minimal then practically the total PSS power can be used for EJPS operation that pro- 
vides given thrust value. 

In reviewing manoeuvres performed with the help of LPRE a specific impulse of 
300 s and thrust no less then 10 kgf are adopted. 

To make estimation, mass of accelerating LPRE and propellant tanks was 
adopted equal to 25% of required propellant mass. 

Manoeuvre duration of 200 days was adopted as an approximate value of per- 
missible total time of final injection. 

Analysis were performed on basis of analysis of approximate analytical function 
of SC motion in central non - disturbed earth's gravity field taking into account varying 
SC mass and ideal orientation of propulsion system thrust vector in orbital coordinate 
system. 

The following sequence of final injection manoeuvre is adopted (see fig.l). 
1. 

2. 
3. 

Transition from base line orbit to any intermediate elliptical orbit with the 
purpose to decrease power consumption to change inclination of orbital 
plane (1st phase). 
Change of orbital plane inclination (2nd phase). 
Transition to required circular orbit (GEO) (3rd phase). 

Intermediate orbit 

Figl. Pattern of spacecraft final injection to GEO using an EJPS. 

We take that manoeuvre is performed by EJPS. If manoeuvre duration exceeds 
permissible one then LPRE is used on the initial phases with the purpose to decrease 
manoeuvre duration down to permissible value. 

Injection with the help of electric jet propulsion system 

In estimating trajectories of SC injection from base line orbit provided by LV 
and upper stage to GEO using EJPS the following concept of selection of propulsion 
system control program is aborted: 

a) Thrust vector direction is binormal at the phase of inclination correction. 
Change of orbital inclination is done at the highest orbit point (close to apogee) when 
apogee velocity is minimal. 
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Minimal propellant consumption is provided when propulsion system starts at 
minimal apogee region but it lead to necessity to perform correction within many num- 
ber of turns and consequently to extremely long duration of manoeuvre. Expansion of 
this region lead to shortened manoeuvre from one side but to non-optimal consumption 
of propulsion system working medium and respective increase of its mass from the 
other side. 

b) Direction of thrust vector is transversal during complanar transitions at phase 
of change of orbital radius. 

In the course of transition to GEO from elliptical orbit a minimal propellant con- 
sumption is provided when propulsion system starts at minimal apogee and perigee re- 
gions but it also lead to very long duration of manoeuvre. Like for the case of inclina- 
tion correction, expansion of these region lead to shortened manoeuvre duration from 
one side but to additional consumption of propulsive mass from the other side. Moreo- 
ver, application of control force not in apogee or perigee exactly but in the vicinity there 
of shows negative influence on orbital parameters that would require their next correc- 
tion. 

In estimating EJPS control the need arises to estimate power consumption per 
manoeuvre. Let's take consumption calculated on impulse basis in the capacity of lower 
limit. In connection with above so called coefficient of non-optimal use of EJPS is in- 
troduced, KN- This value characterizes excess use of characteristic velocity, stipulated 
by operation in the vicinity of points of optimal application of thrust, relatively "im- 
pulse" minimum. Function of duration of manoeuvre to rise perigee from 4000 km to 
35800 km while compensating apogee rise at 35800 km vs coefficient KN is shown 
on fig.2. 
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Fig.2. Function of manoeuvre duration vs coefficient of non-optimality. 
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If the non-optimality coefficient KN is adopted as known value then calculation 
of power consumption when using an EJPS, can be performed on impulse statement. 
Solution of task to find use of characteristic velocity on continuous statement will differ 
from solution of the same task on impulse statement within limits of (1+ KN) times. 

If it suppose that during time of propulsion system operation speed of change of 
eccentric anomaly is constant, in calculating duration of ignition at each specific turn 
the condition of maximal approach of actual usage to calculated expenses has the form 
(1): 

l + KN = df^Vdt, (1) 
N        Af/Atign 

(1) 

f -   increment of corrected orbital parameter, 
Atjgn    -   duration of propulsion system ignition, 
Emid - eccentric anomaly of middle of an ignition region, point of optimal 

thrust application. 
Nominator in the right part of equation (1) is the maximal derivative of incre- 

ment of corrected orbital parameter with respect to duration of ignition. Denominator is 
the average derivative of increment of corrected orbital parameter with respect to dura- 
tion of propulsion system ignition. Thus value (1+KN) is proportional to ratio between 
characteristic velocities in continuous and impulse statements respectively to be re- 
quired to change corrected parameter on the some value. 

Assuming that EJPS reactive acceleration is small, it can be adopted that under 
its action the slow varying osculation orbital components are not changed considerably 
and can be adopted as constant value on a turn. Proceeding from equation (1) for the 
manoeuvre of changing orbital inclination the equation for angular duration EA of pro- 
pulsion system apogee ignition will have the next form (2): 

E   - sin(EA)(Ae -2(1 + KN)(1 + e2)) -0.5esin(2EA)(l + KN) 

3e(l + KN)-A 

2^(l-e^ (2) 

A = 
(l-e)p 

EA       -   half of apogee region of EJPS ignition; 
p -   focal parameter; 
e -   orbital eccentricity; 
u. -   gravitational constant. 
For a manoeuvre to rise perigee and brake apogee rise at the same time, the fol- 

lowing restrictions are imposed on angular duration EA and EP of halves of apogee and 
perigee ignitions: 

_EA(2 + KN(l-e)-e) + e(sin(EA)-sin(Ep)) 

KN(l-e)-e 

E (4 + e)Ep +4(sin(EA) + sin(Ep)) + 0.5e(sin(2EA)-sin(2Ep)) 
4 + e 

(3) 
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For the case of apogee rising and compensation of perigee rising, the restriction 
on half of region Ep of perigee ignition has the form: 

EA(e + KN(1 + e)) - e(sin(EA) - sin(Ep)) 
2 + e + KN(l + e) 

(4 - e)Ep - 4(sin(EA) + sin(EP)) + 0.5e(sin(2EA) + sin(2Ep)) 
(4^ej 

(4) 

Obtained condition provides estimation of control for orbital transition with de- 
viation of actual use of characteristic velocity from minimal possible values within lim- 
its + 10 % for the coefficient of non-optimality Kn < 60 %. 

Search of rational intermediate orbit 

Fig.3 shows function of required propellant mass vs radius of intermediate orbit 
apogee for various angles of orbital plane inclination. 
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Fig.3. Propellant consumption to make manoeuvre. 
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As it can be seen from the fig.3, for any inclination the radius of intermediate 
orbit apogee exists when total consumption of fuel to make manoeuvre is minimal. 
Function of radius of intermediate orbit apogee vs intermediate orbit inclination is 
shown on fig.4*. Base line orbit is the circular orbit of 4000 km height. 
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Fig.4. Function of apogee height of optimal intermediate orbit vs inclination. 

Fig.4 shows that growth of intermediate orbit inclination an optimal apogee ra- 
dius is increased. With increase of radius of intermediate orbit apogee, expenditures to 
change inclination are decreased but propellant consumption connected with transition 
to intermediate orbit and subsequent transition to GEO grows. In searching a rational 
control necessity shows up to determine intermediate orbit where minimum propellant 
quantity is consumed to perform the complete manoeuvre. In impulse statement subject 
to adopted limitations on sequence of orbital transitions this task amounts to search of 
extremum of single argument function, i.e. radius of apogee of intermediate orbit. 

Duration of manoeuvre performed using EJPS only considerably exceed a per- 
missible value. Therefore necessity appears to use LPRE. 

Injection to GEO using combined propulsion system 

Proceeding from condition of maximization of reactive acceleration of propul- 
sion system let us take that it is reasonable to use LPRE at the initial stages of manoeu- 
vre and after the whale propellant depletion and LPRE jettison only use an EJPS. 

Because of LPRE operation purpose is to "blend" with required manoeuvre time, 
it is evident that approach for its use shall be as follows: LPRE is used to transit to in- 
termediate orbit and change of inclination and EJPS is used to reach GEO. In case of 
lack of time to make transition to reach GEO an LPRE is used sometimes. 

On the phases where LPRE is used, estimations can be carried out in impulse 
statement considering that characteristic velocity is used instantly. Manoeuvres per- 
formed with the help of EJPS are estimated by method described above. 

In calculating function of optimal height of intermediate orbit apogee vs inclination the control 
was estimated for KN = 0.5. 
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Function of optimal radius of intermediate orbit apogee vs intermediate orbit in- 
clination is shown on fig.5. Base line orbit is circular of 4000 km height. 
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Fig.5. Function of optimal intermediate orbit apogee height vs inclination. 

As it can be seen from fig.5, apogee height curve has one horizontal part. Corre- 
sponding to GEO height for inclination values within range of 2..83 deg. The obtained 
data allow to make a conclusion that altitude of apogee of a base line orbit should be 
aimed to GEO altitude. 

Let us perform comparative analysis of SC final injection manoeuvre to GEO for 
the cases of using the EJPS (initial SC mass is 850 kg) and combined propulsion system 
(initial SC mass is 1700 kg). Base line orbits is circular of 4000 km height, 2.03 and 
46 deg. inclinations. Results of calculation are given in tables 2 and 3. 

Table 2. 

Parameters of base 
orbit 

manoeuvre duration, days Required propulsive mass, kg 

i, deg h,i, km ha, km 1 phase 2 phase 3 phase total 1 phase 2 phase 3 phase total 
46 4000 4000 810 353 269 1432 124 110 93 327 

5 4000 4000 133 142 345 620 36 36 158 230 

Table 3. 

Parameters of base 
orbit 

manoeuvre duration, days Required propulsive mass, kg 

i, deg h-, km ha, km 1 phase 
(LPRE) 

2 phase 
(LPRE) 

3 phase 
(EJPS) 

total 1 phase 
(LPRE) 

2 phase 
(LPRE) 

3 phase 
(EJPS) 

total 

46 4000 4000 0 0.3 175 175 731 389 194 1314 
5 4000 4000 0 0.3 180 180 731 54 277 1062 

As it can be seen from the tables, for the given case time for final injection using 
the EJPS only exceeds permissible time more than in three times. Duration of manoeu- 
vre using combined propulsion system equal 175 and 180 days that is within permissi- 
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ble range. In addition, if there are no any restrictions imposed on manoeuvre duration 
then due to reduced propellant consumption when using the EJPS, only a possibility of 
two SC final injection to GEO of is arisen. 
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B noanenHHe roflbi B rocyaapcTBeHHOM paiceTHOM ueHTpe paspaoara- 

saioTC«. cjienywiUHe paKeTHO-KOCMHHecKne HanpaB/ieHM* Ha OCHOB© 

npHMeneHMH oTpaöoTaHHbix TexHOJiornH BPH/T: 
1. 3anycKM c no.aBOHHHX noaoK nepeooopynoBaHHUMH paKe-raMi-i 

3KcnepnMeHTeuibHbix H TexHOJiorHuecKHx OJIOKOB B sepxHue CJIOH aTMOc- 

(pepu c ue/iwo HayMHbix HccnenoBstHM H no/iyneHH* MaTepwanoB H DHO- 

npenapaTOB B ycnoBHHx MUKPorpaBHTauvm. 

2. CosnaHHe Ha ocHose TexHO/iornn H sjieMewroB oajumcTwwecKHX 

paneT noziBOflHbix noaoK iBPfUn KOMMepnecKHx paKeT-HocwTe/ie* jym 

sanycxa HH3KOOPöHT<WIBHUX ManoraoapnTHux KOCMWM6CKMX annapaTOB 

nycxaMH c Ha3eMHoro cTaproBoro KOMonexca JIHöO C ncmBonHon JIOAKH. 

B paMKax nepBoro HanpaaneHw* fPU peuieHa saaasa cosaaHH« 

cnacaeMbpc nera.Ten*tMx. annapaTOB c HayMHO-TexHWionweoKort annapa- 

Typon jtf«* npoBeaeHHH sKcnepHMemoß B ycnoBHHx KpaTKOBpeMeHHOii 

HesecoMOCTH H cpeflCTB HX aanycxa Ha case cwwaemK c BoopyxewMH 

paxeT BM*. KaK noKasbmaeT no/ioxHTejifaHbiH briar P«aa cTpaH, B TOM 

HHCJie CU1A, HHOHHH, TepMaHMH, *paHunn, B noaooHbix sanycxax MorceT 
6biTb peuieH ue/iuw pHfl sanaw us ocnacTM KOCMHMöCKOPO MaTepna.noBe.ae- 

HHH, a T»Kxe npoBenen UIHPOKWH Kpyr aKcnepuMemoB npuK/ianHoro H 

tpyHaaMeHxeunbHoro xapaxtepa.. BBHUV onepaTMBHOcTH, HHSKOH CTOHMOCTH, 

rjiyooKoro ypoBHH MHKporpaBMTaunn. aKcnepMMewru B ycnoBHHx KPSTKO- 

BpeMeHHOH weBecoMOCTH pauiioHa/ifaHbiM oopasoM nono/iHHioT, a B p*ae 

onynaeB     HBTIHIOTC«    a/ifc/repHaTHBOH       wcaneflOBaHWH,     npoBOUHMbix       Ha 

OpÖHTa/lbHblX   CTaHUHHX. 
ria oa3e xopnycoB CHHTUX c BOOpyxeHHH PoeroJioBOK paspaöoTaHH 

cnacaeMbie annapara w« npoBeaeHH» BKcnePKMewoB no no/iyneHH» 

KPHCTaji^ÖB no/iynpoBOAHHKOBUx MaTfipnorioB vannapaTypa OHPHHT ' ) H 

CBepxMHCTbix 6nonpenapaTOB tannapa-rypa "Meayaa">. b Teneiwe 

1991-1993 roaoB npoBeaeHbi TPM BKcnepHMeHTejibHo-aeMOHCTpauHOHiaui 

nycxa paxe-ru "3bi6b", cosnaHHow Ha 6ase 6ajuwcTvmecKOH paitera 

FCM-25. JlorHHecKHM npoflOJiaceHHeM STWX paooT cra.no npoBeaeHHe B 

199b roay MejtuiyHapoxmoro »KcnepHMeHTa, B KOTOPOM patce-rott "Bojma" 

t.pHJCl) (nepeoöopyaoBaHHaa BPuTl PCM-50> c nonBOimoH JIOHKK 

'•KaJibMap" no 6aanncTHMecKOH Tpacce "BapeHueBO Mope - noayocTPOB 

KaMMaTKa"  npoBeaen sanycK repMaHCKOi-i  annapaxypB nna    Hcc/ieuoBaHH« 

npODJieM TepMMMeCKOH KOHBeKUHH. 
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ypceMb HWfcrpawT»»t 
fipMI MKCOMOCTM 

2. BOJMOMHOCTM PH no Bbeenemo HA 
Ha OHotmmue op6MTbi 

a) 6e3 ncnonbjoea»«« A/)y 
wtca KA 
BHCOTJ NpyrowM opferu 
HQKHOMMMQ 

ntfapMTM mi am 
pUNMMtMKA 

aura 

6) c Hcnonwceamen Afiy 

Mice» KA. BbBowwr« M op&ny 
■KoroA 200 m MUKMMIM 0 j» w 

eucoTDA 200 MH nwoMHiMi W 65 w 
BUCOTOA tOO m «maHenm« 0 ffl) w 
BMCOTOM (00 m mmmm SO K «■ 

OpmUMpOWH* rafapMTU 
««« am IW3NMMM KA «0W53Ä53 m 

KOtnOJxr 
tncoiir 

ÄWIsSOl Mt 
9006701 MI 

» l»»^ »"cj 
22(301 wn 

2O0J3OW 
0-25 rpu 

en« 
O50w 

■ ofanrmM» Horopu« puMpnyru 
coarNTtigynN* p»9(tm 

Pnc.1 



ß cnacaeMOM annapaTe KPOMB HayMHbix npwoopoB Maccon 105 Kr 6HJI 

pasMemeH OOPTOBOH H3MepnTe/ifaHWH KOMnneKC, ooecneMHBaiowHH ynpaBJie- 

Hwe SKcnepMMeHTOM w KOHTponb ncneTHhix napaMeTpoB, TpexKacKa/maH 

napaunoTHan cwcTewa npwseMJieHHH H annapaTypa ana onepaTWBHoro (He 

öcnee 2 UBCOB )  noHCKa annapaTa no one npuseMJieHWH.  C ue/ibio 

CHHÄ6HHH CTOHMOCTH H CpOKOB  pa3paOOTKM  B  MaKCMMaJTbHOH  CTeneHH 

3aHMCTBOBäHU  TeXHMMeCKHG  peUieHHH,   y3/lbl  M   npi-iöopu   CepHWHHX 

paKeTHUx KOMn/ieKCOB. 

ß npouecce npoBeaeHHoro nycna ypoBeHb MHKporpaBWTauHi-i cocTaBHJi 

10_4...10~6 g npH BpeMeHH HeßecoMocTH 20,5 MHHJTT. upoBe,aeHHbiM 

poccHHCKMMM H repMaHCKMMH cneuHa.nncTaMH aHaJiH3 no/iyneHHOH nndpopua- 

UHH noKasa/i, MTO Bce TexHi-mecKne H ■ HayMHbie 3aaaMH 3KcnepnMeHTa 

BbinojiHeHfcj no/iHOCTBio. flocjieayiomHe paooMHe BCTpewM POCCHHCKHX H 

3apy6eatHbix (FepMaHMH, ÄnoHWH> cneunajiwcTOB noKasa/in, MTO nnst 

pa3BMTHH coTpyflHHHecTBa no sKcnepwMeHTaM B HeBecoMoera HeoöxonnMO 

B jaanbHefjuieM yBe/iHMHTb Macey 3anycKaeMOH annapaTypu H Bpew« 

HeBecoMOCTH, yjiyMiuHTb cepBwcHoe ooecneMeHne HayMHon annapaTypu. 

B FPU, HaMaTbi HCCJiexioBaHHfl, KOTopue noKasbtBaioT npHHUHnnajifaHyio 

B03MOÄHOCTB co3aaHHH cnacaenoro /leTa'rejibHoro annapaTa c HayMHOH 

annapaTypoM MaccoH no 30u Kr, aanycKaeMoro paKeTOH-HocHTejieM 

"Bo/ma" no TpaeKTopHH c BpeneHeM HeBecoMOCTH 30 MHHyT npn ypoBHe 

MMKporpaBHTaiiHH 10-B...10~6 g. B cocTas cnacaeMoro annapaTa BKJIIO- 

MaioTCH cHCTeMU, ooecneMWBawuiwe pacim-ipeHHbiH KOHTPOJIB HayMHOti 

annapaTypk npH npeacTapTOBOH nonroTOBKe, ynpaB-neHwe eio B nojieTe 

c HaseMHoro ny-ribTa, BOSMOJKHOCTB oTpaöoTKH H nepenaMM BuneoHHCfcop- 

MauHH. Bt'iKeTa "Bo/iHa" MOxeT 6biTb ncnojib30BaHa nnn sanycxa Ha 

cybopöHTEunbHbie       TpaeKTopuw annapaTypu HSIH HccjieaoBaHMH 

reo<pn3HMecKWX npoueccoB B BepxHHX cnonx aTMocqsepM w B bJiwxHeM ' 

KOCMOce, MOHHTopMHra noBepxHOCTH 3eMJiw, npoBeaeHHS pa3.ni<mHbix, B 

TOM MHCJie aKTHBHUX, 3KCnepWMeHTOB. 3oHa pasMeuieHHH nojiesHOH 

Harpy3KH npeacTaBJiflieT cot>on yce<-ieHHbin KOHyc BUCOTOH 1670 MM, 

awaMeTpoM ocHOBaHHfl 135u MM H paziHycoM npHTynjieHHH BepuiWHbi KOHyca 

405 MM. PaKeTa oöecnc-MBaeT BtiBeaeHne nojiesHwx Hai?py30K MaccoH 

600...700 Kr Ha TpaeKTopuH c MaKCHMa/ibHOH BUCOTOH 1200... 1300 KM, 

a    c    MaccoM  100    Kr -     c    MaKCWMa/ibHOH       BHCOTOH       no    3000    KM. 

VlMeeTCH      B03M0XH0CTb      yCTaHOBKH       Ha   paK6Te       HeCKOJlbKl-lX      SJieMeHTOB 

noJie3HOH Harpy3KM H HX nocjteaoBaTe/ibHoe  oTae/ieHne. 

BTopoe HanpaaneHwe paKeTHo-KocMH^ecKOH TeMamra FocyaapcTBeH- 

Horo paKeTHoro    uewrpa t>a3npyeTCH    Ha ncno/ibsoBaHUH    a/i« co3naHHH 



tcancyria c no/ie3Hoi^ 
Harpy3Ko(i 

Pnc.2 '      PaKeTa KOCMnnecKoro 
Ha3HaMeHH« «LUTwnb». 



paKeT-HOCHTejieH     MaTepnaJibHon     MöICTH     H     TexHOJioniM     BPIU1     PCM-b4 

( paKeTHO-KOCMVmeCKHH    KOMlIJieKC     "lilTI-Ulii"  > - 

UTJTHMHTeJlfaHOH OCOOOHHOCTbiO 3TOCÜ KOMllJieKCa HimHeTCH 

McnojibsoBaHHe oymecTBywweii HisppacTpyKTypu' nojwrona HeHOKca", B 

TOM nncJie HaseMHbix cTapTOBux coopyxeHHM, a TaKse cepMHHbix 

öajuiHCTHMecKHX paKeT PCM-54, cHviMaeMK c 6oeBoro aexypcTBa. 

MHHHManbKue aopaöoTKH no pajceTe ooecneMaT Bbtcoxyio HaaexHOCTb 

H    TOMHOCTb BUBefleHHH    nojiesHow HarpysKH    Ha    opt>HTy    npw    HHSKOH 

CTOHMOCTH   nyCKS   (4'5   MJ1H. flOJIJl. CliiA). 

npeflno/iaraeTca npoBeaeHHe nycKOB KaK c HaseMHoro cTapTOBoro 

KOManeKca,  TaK w H3 uiaxTU nooBOflHOH JIOAKM. 

Pa6oTH no cosnaHHio KOMruieKca npoBOflHTCH nosTanHO. Ha nepBOM 

3Tane paspaöOTKii no-nesHaa Harpysxa pasMemaeTC« B urraraoM 

oTcexe.     PaKeTa-HOCMTeJTb B    STOM    BapwaHTe    HMeeT HHflexc     "WTKWIB" 

lOJiaÄfl   2).    nyCKM   npOBOZIHTCH   H3   UiaXTbl   nOflBOflHOft   JlOflKH. 

Ha BTOPOM arane paspaboTicw nnn pasMeweHHH noJtesHOH HarpysKH 

coaaaeTC« OTceK       no/iesHOH       narpysKw, KOTOPH* COCTOHT       HS 

aspoflHHaMWwecKoro       oÖTexaTe^, copacbiBaenoro     B       nona-re,     H 

nepexoflHHKa, Ha KOTOPOM paaMemaeTC« no/iesHaa narpysKa H KOTOPUH 

obecneMHBaeT CTUKOBxy orceKa no.ne3HOH HarpysKH c paxeTOH. 

PaKeTa-HOCHTejifa B WDM BapnaH-re  HMeeT  HHfleKC    'lilTH^-2" (RfcC  2). 

HycKH     n'roBOflOTCH     c    HaseMHoro     cT.aproBoro     KonnJieKca H HS uiaxTH 

nOflBOflHOiai  JlOflKH. 

PAKfiTHO-KOCMiMECKHft  KOMnJlEKC C  PAKETOH-HOCHTEJIEM   "UITWJlb" 

06ecnewBaeT       BHBeaeroie       no^iesHbix HarpysoK       paannMHoro 

HasnaweHH« Ha KpyroBue OP6HTU BHCOTOIA flo 400 KM, JIMOO na 

»njiHirnt^oKHe OP6HT» C nepHree* no 400 KM. CTapT ocmneciKwaro« 

H3 uiaxTM: noflBOJiHOH ■ JioflKM  K.nacca   "HeJIbCpWH". 

7  won*    3Toro    rona paKeTort-HocHTe/ieM      •    "IMTHJIB" öHJIO 

ocynecTBiieHO BHBeaeHHe-Ha oKOJioseMHyio opöHTy äBVX HaHocnyronKOB 

Pa3pa6oTKH Bep/iHHCKoro TexHHMecKoro yHHBepcHTera, KOTopue ycneiuHO 

cpyHKUHOHHPinoT na paöoMeH op6HTe. B HacToamee BPeM* TPU c Heneu- 

KOH    cTopoHOH    seneT    neperoBopu o sanycKe MMKpocnyTHHKa ExspoSat 

B 2000 rosy. 
PaxeTHO-KOCMHMecKHH KOMn/iexc COCTOHT H3: 

-paxeTU KOCMHMecKoro HasHaMeHH« "ITHJIB" ; 
-HH(J)dPMaUHOHHO-H3MepHTe«BHOrO   KOMTUieKCa; 



-TexHHwecKOM noswuHui; 

-CTapTOBoro KOMoneKca noaBonHon JIOAKH. 

PAKETA  K0CMH4E0K0r0  HA3HAMEHHH   "lilTHJlb" 

CosuaeTCH Ha öaae öa^cTHMecKo« paxe™ noxiBonHbix nonoK 

bS-N-23 (PCM-54K flopaöOTKH npoBojtwrca Ha OesepHOM no^roHe, 
pacno/iqweHHOM    B ApxaHrejibCKOw     oojiacTM. 

BöpTOBan annapa-rypa pane™ KOCMimecKoro HasHaweHH« "UlTH/ib" 
paooTaeT B HHepuHajibHOM pexHMe. 

no/,e3Ha« Harpysica pasMemaeTc« Ha PaKeTe B cneuHa^BHOH 

sa^HTHOH «ncyjie Ha „eorax «raTHo« ue^eaoft HarpysKw. Kancy^a 

o^ecneMHBaeT 3amOTy KA OT Ten»oBux, asycTHMec»« „ „POMWC 

Boa^eHCTBHM co CTOPOHU BepxHe« cTyneHH paxe™. Flocke Buxofla 

paKeThi «a aaaaHHy» opÖHTy OTfle,3eTc, Kancyjia c KA, H paneTa 

yBoxwrca c TpaeKTopHH ncwieTa ncesHOH «arpysKH. PacKpuTne Kancy™ 

H ocBoeoueHHe KA ocjnuecTBnaeTC* noce Toro, KaK PaKeTa ™a Ha 

paccTOHHHe,   HciwiioMaiowHe BosaewcTBHe     cTpyn nBHraTejie* Ha KA. 

OCHOBHblE  XAPAKTEPMCTMKM  PAKETHÜ-KüCMHHECKürO  KüMn/lEKCÄ 

C PAKETOü   "lilTM/Ib" 

MeCTO    CTapTa 

Cnoco6 nycKa 

OTapTOBaa Macca,   T 

FatSapHTH paseTu,  M 

flJiHHa 

AHaMexp paKeTbi 

üotsM 30HU npneanoH HarpysKH,M- 

M^ca  nojie3HOH HarpysKM,   BüBOAHMOH 

Ha  KpyroByw opöwTy BUCOTOH 

400  KM  H HaioiOHeHHeM  79   rpaaycoB,   Kr 

MMPOBOH OKeaH 

W3 nycKOBOw tuaxTbi 

nO-OBOflHOH ZlOflKH 

K/iac.ca   "Jle/ibcpHH" 

39,7 

14,6 
1,9 

0,183 

/u 



PAKETHO-KOCMHHECKMH KOMnJlEKC liITM/lb-2 
J 

llp^HasHaneH ana BUBeaeHH« MahopasMepHbix KocMHHecKnx 
annapaTOB  paajwMHoro HasHaneHH« Ha  oKo^oseMHbie  OPOHTU. 

KoMn^eKc cosaaeTC* Ha öaae öa^cTmecm paKeT noaBoanux 

"°flOK öb~N-23 <PCM-54i H cymecTByjoiueH HH*PacTpyKTypu CesepHoro 
ncwiHPOHa. wcnwoieHHoro B apxanre^cKOH o6„ac™ H oeaaBapHHHo 
SKcruiyaTMpyeMoro  B pasjiHMHHx  peacHMax  öojiee  20  /ieT. 

HaseMHbiH CTapTOBbiH KOMruieKc nosBojiaeT: 

1. OcymecTBJiHTb ao  10 nycicoB B roa. 

2. 3anycKaTb    cepmo      KOCMHMSCKHX    annapaToB    c    MHHHMM^ 

HHTepBajlOM   JSO    15    CyTOK. 

3. Oeecnemwb Ha    IIPOT«BHH„    ^HTe,bHoro    spew*™    z>e*ypHbiH 
pexHM  c BbicoKOH roTOBHocTb» paiceTbi K nyci-:y. 

4. ncmyqaTb B xoae"    nonew  paxe-m Te/ieMeTPHMecKyio HHtpopwauwo 

c oopra o.noMomb» HwpopwamoHH« cpeacTB HcrmraTMworo    nwiHroHa 
H   BblHOCHblX   H3MepHTe/IbHbIX   nyHKTOB. 

KoMnjieKc cocTOHT M3: 

paice-ru    KOCMHMecKoro    HasHayeHna  ,,ülTHJib-2": 

Ha3eMHOro cTapTOBoro  KOManeKca; 

ueHTpa noaroTOBKH nojieTHoro saziaHHH; 

nojiwroHHoro    H3wepnTejibHoro Kown/ieKca; 

ueHTpa oopaöOTKH Te/ieMeTpuwecKOM HwpopMamw. 

PÄKETA     KOCMMMECKOrO     HA3HAMEHJW     "UrrHJlb-2" 

On* pasMemeHH«     ncwiesHOH     HarPySK1,     Ha     PÜKeTe     npoH3BOflHTO(l 

flopaboT». pal»™ PCM-5«  B MSCTH  co3aaH,H  oTceKa  no,e3HoH  HarPy3KH, 

KOTophiH       npencTaB^T COöOH aspo^iHaMHMecKWH    o6TeKaTe/iB H 

nepexoaHH^-, o6ecneMHBa»i«Hfi craKoacy no/iesHon narpysKH c patron. 

uö-beM OT^eKa ana pasMemeHH* no.esHo-, Harpy3KH cocTasweT 
1.67   Ky6.M.   (Puc 3.) 

AspoüHHaMHwecKH«  oÖTeKaTe^b BwnojiHeH     repMeTHSHposaHHUM    ana 

ooecneMeHHH rawe-Bnarosamwra nojiesnoft «arpysKH  H  cHaoaeH  CUCTSMO« 

pasae-neHH* H  cbpoca.     KoHcTpyKUHH     aspoflvmaMwecKoro       ooTeKaTe^H 

flonycKaeT -BunonHeHHe JÜ0KOB Ha  DOKOBOM    noBepxHocm oöTeKare*« jw* ■ 
noflBoaa ztQno.nHMTe.iBHHx cwaeH none3HoH    «arpysKH     c       annapaTypo* 
Ha36MHOrO    CTapTOBOrO    KOMTWieKCa. 

MHoro^Hc/ieHHue  nycKH     c H&seMHoro     nciMaTe^oro     cTenaa    H 



8 
Kl 
CD 

<Zrl900 

06TeKaTe/ib 

3oHa no/ie3Hoi?i Harpy3Kn 

flpn6opHbll^   0TC6K 

Tenew3TpnMecKafl  annapaTypa 

CTapTOBaa Macca paKeTbi 
Ko/iMMecTBO CTynenefl 
Ton/iMBO 

OöbeM 30HU no/ie3Hoi* Harpy3Kn, M3 

Mecto ctapta 

39.9 
3 

xußKoe  c 
aMny/iH3npoeaHHoi^ 
3anpaBKoä 
1.87 
HCK-37K 
(n.  HeHOKca) 

SHeprernsecKne  xapataepucTUKM 
PKH  "UJTMflb-2"  npn  BbmeAeHHH 
Ha   HH3KMe   OKO/103eMHUe   OpÖHTbl. 

HaK/ioHeHkte op6nTbi 
1-77° 

HaK/iOHeHne op6nru 
1-88° 

BbicoTa 
KpyroBOfl 
OpbMTU,   KM 

Macca 
no/ie3HOfl 
Harpy3KM, KP 

BucoTa 
KpyroBoPi 
OpÖMTbl,   KM 

Macca 
no/ie3Hofi 
HarpysKM, Kr 

200 
500 
750 

330 
159 
50 

200 
500 
740 

265 
142 
48 

PMC 3, PatceTa  KocMunecKoro   Ha3HaMeHna 
*LJLJTn/ib-2* 



UEHTP OEPAEOTKH TEilEMETFHMECKüH HH*üPMALUHH 

OöecneMHBaeT obpaöoTKy acew saperviCTpupoBaHHOH 

TejieMeTpHMecKOH    HHCt>opMaunH       nna. npeacTaBJieHWH pe3y/ibTaTOB 

ot>paöoTKH B y,aoöHOM nnsz noTpeoHTe/ieM BHjae. 

llycKH c Ha3eMHoro CTeHaa oöecnem-iBaioT cpopMi-ipoBaHne OPöHT B 

cpaBHHTe/TfaHO Heöo^BiuoM HHanasoHe HaKJioHeHHi-i OP6HT OT 77° ao 

66°,       HTO       6e3ycjioBHO       orpaHWMWBaeT       oö/iacTt. HcnoJit>30BaHM« 

KOMnJieKca. rocyaapcTBeHHUM paKerabiM USHTPOM bann npoBeaeHw 

npopaöoTKM no BO3MOäHOCTH npoBeaeHH* nycKOB paKerw KOCMi-mecKoro 

HasHaweHHfl "lilTH/ifa-2" c noflBOflHoii /IOAKH B «awanasoHe wvipoT OT 0° 

£50  77°. 

Buno/iHeHHue paöoTu noKa3a/iH pea/insyeMocTb nycKa H3 waxTbi npH 

npoBezieHUH       HeoöxoawMbix aopa6oTOK.       TipH    BTOM       coxpaHHeTCH 

B03M0XH0CTB ncno^b30BaHHH noiiBOflHOH JIOJXKM no  ue-neBOMy HasHaneHHio. 

OCHÖBHblE  XAPAKTEPHCTHKH  KüMIl/lEKCA 

MeCTo    cTapT ApxaHreflbCKas oöJiacTB 

( HaaeMHbiH  CTPTOBUW  KOMruieKC ;. 

MwpoBon OKeaH 

t H3   UiaXTbl   nOflBO'flHOH   JIOflKH > 

TaBapHTbi paKeTbi,   M 

anvma 

awaMeTp paKeTbi 

xtHaneTp oöTeKaTe/m 

06i,eM 30HU no/ie3HOH HarpysKn,MÄ 

CTapTOBa« Macca,   T 

Macca nojie3HOH HarpysKH,   Kr 

i-78 rpaa.,   H=20Ü KM 

i=78 rpaji.,   H=74ü  KM 

■1=0 rpafl.,     H=610 KM 

i=Ö rpafl.,     H=104ü  KM 

lö,35 

l,ä 

1,67 

39,9 

330 

50 

350 

50 

ÜTöHMOCTfo nycKa,   MJIH.nojin.C11IA 4-5 



noflBOUHbix    jioaoK     noKasajiH     BHCOKYIO    nauexHOCTb     cepMHHOM     paxeTU 

bS-N-23   (PCM-54)     -       npoTOTHna     paKera [Ura.nb-2"        tuocrvirHyTa 

BepoHTHocTb ycneuiHoro  nycKa w nonera. He  uenee  o. 96) . 

ße3onacHOCTb sKcn/iyaTam-tn ooecneHMBaeTca KOMrmexcoM cxeMHO- 

KOHCTpyKTHBHbix       H       TexHojiornHecKwx Mep, ooecnem-iBasomwx 

repMeTHMHOCTb TOHJlHBKblX CHCT6M aMny/IHSHpOBaHHOH paKeTfcJ, 

HCKJllOMeHHe       B03M0XH0CTH       BbiflaMH       HeCaHKUHOHHPOBaHHbLX KOMaHfl      Ha 

nHpOCpeflCTBa      H   ap.    C><WieKTHBHOCTb KOHCTpyKTHBHO-TeXHOJlOrHMeCKHX 

peuieHWM      noflTBepxfleHa    noJioKMTe/ibHbiMM    pesy/ii/raTaMH 3Kcn.nyaTaunw 

cepHHHHX paKeT-npoTOTHnoB. 

HA3EMHHH CTAPTOBblfc  KpMnJIEKC 

BK/nouaeT B ce6n TexHi-mecKyio H cTapTOByio noswunH, 

ocHameHHbie annapaTypoH nnn xpaHeHHH paxe-ru, npoBeaeHHfl 
npeanycKOBbix    onepauHH w nycKa. pane™. 

KOMfUIEKC CHCTEM ynPABflEHHfl 

ObecneMHBaeT ueHTpajiHSOBaHHoe aBTOMSTi-mecKoe ynpaBJieHHe 

CMCTeMaMH KOMnnexca BO Bcex sKcnjiyaTaunoHHtix pexuMax, ynpaB/TeHHe 

npeiinyoKOBort nojaroTOBKoi-i M nycKOM paKeTbi, nonroTOBKy TexHi-rqecxoH 

HHcpopMauHH H nojieTHoro aaaaHHfl, BBOA no/ieTHoro saaaHHH H 

ynpaBJieHne paxeTOH r?p BbiBcmy no/iesHow Karpy3Kw Ha sanaHHy» opowTy. 

UEHTP  nOjarOTOBKM nO/iETHOrO  3AÜAHWH 

KoopflHHHpyeT, n/ietHHpyeT w npoBoawT Bee pa&ora. B HBCTH 

pacMeTa oajiJiMCTHMecKHx xapaxTepucTHK H nouroTOBKi-i noJieTHoro 

3anaHHa. 

HH*0PMAUM0HHö-M3MEPMTEJibHblH  K0MHJ1EKC 

MH4)opMaiJiHOHHO-H3MepHTe/ibHbiH KOMruiexc ooecnem-iBaeT npweM w 

perncTpauHK) TcneMeTpwMecKOH HHtpopMam-in BO BPCMH no/ieTa, oöpaöoTKy 

H BUflany pe3y/ib'raTOB MSMepennw 3axa3wwKy  nycKa. 



1-a MEXflyHAPOflHAfl KOHOEPEHIJH5I-BHCTABKA 

MAJIHE   CnyTHHKH 
HOBLIE TEXHOJIOrHH, flOCTEDKEHHH. IIPOEJIEMbl H IIEPCnEKTHBH 

MEXflYHAPOflHOrO COTPYAHHqECTBA B HOBOM TBICiFIEJIETHH 

l-st ANNUAL INTERNATIONAL CONFERENCE & EXHIBITION 

SMALL SATELLITES 
NEW TECHNOLOGIES, ACHIEVEMENTS, PROBLEMS AND PROSPECTS 

FOR INTERNATIONAL CO-OPERATION IN THE NEW MILLENNIUM 

CEKIJIM VIII: 

^BHrATEJIbHblE VCTAHOBKH 

SESSION VIII: 

JET PROPULSIONS 

PyKOBOÄHTeJiH: 

A.C. KoporeeB, HIJ, HM.KejiflHma, POCCHH 

T.A. HonoB, HHH IIM3 MAH, POCCHä 

Chairperson: 

Anatoly S. Koroteev, Keldysh ITs, Russia 
Garry A Popov, Nil PME MAI, Russia 



VIII. 1    OßHOKOMnoHeHTHbie H ÄByxKOMnoHeHTHbie yKPR MT HOBoro 
noKOjieHHa äJIä Majibix cnymHKOB 
K). AreeHKo, KBXHMMAIII HM. A.M. HcaeBa, Poccna 

VIII.2 CoBpeMeHHBiH TexHHHecKHH ypoßeHb H HanpaBjieHHH pa3BHTHa 
paKeTHtix flBHraTejien MajioH TSTH 
O. 5KnpoB, <D. Ka3eHKHH, E. JlapHH, H. JIe6efleB, B. MypKHH, 
HHHMAin, Poccna 

VIII.3 /J,BHraTejibHbie ycTaHOBKH Majibix KOCMHHecKHX annapaTOB Ha 
ocHOBe PflMT HOBoro noKOjieHHa 
C. ByjiflanieB, T. 3aBropoflHHH, <D. Ka3aHKHH, K. Kyjia6HH, 
HHHMAin, POCCHH 

VIII.4 njia3MeHHbie ÄBHraTejra HOBoro noKOjiemra fljia Majibix 
KocMHraecKHX annapaTOB 
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OflHOKOMIIOHeHTHbie H ^ByXKOMnOHeHTHbie 
JKPflMT HOBoro noKOJieHHH RJIH Majibix 

CIiyTHHKOB 
AreeHKO K)pHH HßaHOBHH 

KBXHMMam HM. A.M.HcaeBa 
141070, MocKOBCKaa O6JI., r. KopojreB, 

JleconapKOBbiH TynHK, 2. 
Ten.516-80-26 Oaicc 516-80-01 

B ßOKnaße roBopHTca o HOBHX pe3yjibTaTax, nojry^eHHbix npn pa3pa6oTKe 
acHÄKOCTHbix paKeTHbix   ÄBHraTejieH ManoH Tarn ßKP/JMT),    npoBe#eHHOH 
KOHCTpyKTOpCKHM   ÖlOpO   XHMHlieCKOrO   MaUIHHOCTpOCHHH   (KBXHMMaiu)   HM. 
A.M.HcaeBa. ^BHraTeira paöoTaiOT Ha o^HOKOMnoHeHTHOM TonxtHBe ni,npa3HH 
H flByXKOMnOHeHTHOM TOnJIHBe aSOTHHH TeTpOaKCHfl (AT) H HeCHMMeTpHHHblH 
^HMeTHJirHApa3HH (H^Mr). ITpeflCTaBJieHbi oflHOKOMnoHeHTHbie /jBHraTejin 
TepMOKaTajiHTHHecKoro pa3Jio:»ceHHa rH,rnpa3HHa Taroä 5 H H 25 H, 
o^HOKOMnoHeHTHbie flBHraTejiH KaTajiHTHHecicoro pa3Jio>iceHHa rHflpa3HHa 
TaroH 10 H H 50 H HaByxKOMnoHeHTHbiejtBHraTejiHTaroH 25 H, 50 H, 100H, 
200 H. 
B ßoioia^e npHBe,n;eHbi xapaKTepHCTHKH .zjBHraTejieH, HX KOHCTpyKTHBHbie 

ocoöeHHOCTH. B BH^e rpa4)HKOB aaHbi ocHOBHbie 3aBHCHMOCTH napaMeTpoB 
ABHraTeneft OT yaiOBHH HX HcnoJib30BaHHa, TaKHx Kaie aaBJieHHe Ha Bxo^e, 
TeMnepaTypa H ßpyrnx. B flOKJia^e roBOpHTca 06 oeoöeHHoerax 
npeÄCTaBJieHHbix ABHrarejieH H TpyAHOcrax BCTperaBiunxca npH HX OTpa6oTKe. 

PeaKTHBHbie flBHraTejiH aBjiaioTca OAHHM H3 BaacHeMuiHX 4>yHKUHOHajibHbix 
3JieMeHTOB cnyTHHKOB, 6e3 KOTopbix cymecxBOBaHHe H aKcruryaTairaa 
KOCMHnecKHx aimapaTOB npaKTHHecKH HeB03Mo:scHO. PeaKTHBHbie ^BHraTejiH 
C03flaK)T    HMnyJIbC    CHJIbI,     n03BOJiaiOmHH    npOBO^HTb    KOppeKHHIO    Op6HTbI 
KOCMHHecKHX annapaTOB, HX opHeHxauHio H CTa6HJiH3auHK> Ha opönre, a xaiOKe, 
np« HeoöxoflHMOCTH, ocymecTBJiaTb pa3JiHHHbie nporpaMHbie pa3BopoTbi H 

Apyrne nepeMemeHHa. 
HaHÖojibiiiee pacnpocTpaHeHne B KaHecrae peaKTHBHbix «BHraTejien nojryMHJiH 
>KHÄKOCTHbie paKeTHbie /jBHraTenH MajiOH TarH (^CP^MT). KoHCTpyKTOpCKoe 
6iopo XHMHnecKoro MamHHOcxpoeHHa (KBXHMMaui) HM.A.M.HcaeBa HaqaJio 
3aHHMaTbca npoeKTHpOBaHHeM H cvrpaöoTKOH 3KP^MT c 1971 r. 3a 3TOT 

nepHOA npezmpHarae pa3pa6oTano 6ojiee 25 HaHMeHOBaHHH ^KP/JMT TaroH OT 

5H no 600H, 14 H3 KOTopux ycneuiHO sKcnjiyaTHpoBajiocb Ha uejioM pa^e 
jieTaTejibHbix aniiapaTOB pa3JiHHHoro Ha3HaneHHa. 3TO #ByxKOMnoHeHTHbie 
flBHraTenH Tarofi 5H...600H, paöoTaiomne Ha KOMnoHeHTax a30THbifi 
TeTpaKCHfl (AT) H HeCHMMeTpHHHblH flHMeTHJirHApa3HH (H^MT), ^BHraTenH 
TepMOKaTajiHTHHecKoro pa3Jio>KeHHa rHn;pa3HHa TaroK 5H...25H H ABHraTejiH 
KaTajiHTHnecKoro pa3Jio>KeHHa rn,apa3HHa, Tarofi 10H...50H. 

^ByxKOMnoHeHTHbie aBHraTejiH 

IlepBoe noKOJieHHe AByxKOMnoneHTHbix ppHrareiim Taron 6H H 25H 6bmo 
co3^;aHO B KBXHMMam K cepe^HHe 70-x ro^oB. XapaKTepHbiM npeAcraBHTejieM 
3Toro noKOJieHHa aBJiaeTca flBHraTenb ,ZI,CT-25A, «jiHTejibHoe BpeMa ycneiimo 
3KcnJiyaTHpoBaBmHHca Ha opömajibHOM KOCMHnecKOM KOpaßjie «COK>3-TM» . 

AreeHKO 



Oco6eHHOCTbK> 3TOTO jrBHraTejia öbiJio TO, qTO BnepBbie B POCCHH B neu 6bma 
npHMeHeHa KaMepa cropaHHa, BbinojiHeHHaa H3 TyronnaBKoro MaTepHana- 
SopocHJiHUHpOBaHHoro rpa(|)HTa. He#aBHO STOT ABHraTejib Ha Kopaöjie «C0103- 
TM» 6bm 3aMeHeH Ha Gojiee coBepuieHHbiH ABHraTenb ,fl,CT-25, KOTOpbiH 
aBJiaeTca npeacTaBHTejieM flBHraTejieu TpeTbero noKOJieHHa pa3pa6oTKH 
KBXHMMaui. B 3TOM ABHraTene BnepBbie B POCCHH 6bma npHMeHeHa KaMepa 
cropaHHa, BbinojiHeHHaH H3 TyroruiaBKoro HHOÖneBoro cnjiaßa c KapocTOHKHM 
noKpbiTHeM MoSi2. OTpaÖOTKOK TyronnaBKHx HHo6HeBbix KaMep c 
»:apocTOHKHM noKpbiraeM MoSi2 KBXHMMaui Hanano 3aHHMaTbca c 1978 ro#a. 
3a 3TOT nepHOA Ha npe/urpHaTHH co3^aHa TexHOnoraa HaHeceHHa noKpbiTHH H 

HMeeTca HeoSxoflHMoe oGopy^OBaHHe /yia H3roTOBJieHHa TaKHX KaMep. Ha 6a3e 
HHOÖHesbix KaMep B KBXHMMaui 6bi.n co3#aH uejibiH \mj\ ^ByxKOMnoHeHTHbix 
^BHraTejieH BTOporo H TpeTbero noKOJieHHÖ. 
^BHraTejiH BToporo noKOJieHHa, TaKHe KaK ^CT-25B, ^CT-100, /I,CT-200, 
^CT-400 THTOH 25H...400H oöecneHHBauH yAenbHbiH HMnyjibC Tarn Ha ypoBHe 
2650...2800 M/C H pecypc /jo 10000c cyMMapHoro BpeMeHH paöoTbi (CM. Taöjinuy 
1). K 3TOMy BpeMeHH B KBXHMMaui 6bm paspaöoTaH uenbiü pa« 
3JieKTpOMarHHTHbix KJianaHOB ana pasjiHHHbix ypOBHen Tarn HKPRMT. 
XapaKTepHCTHKH 3THX KJianaHOB npeflcraBJieHbi B Ta6jiHue 2. 
XapaKTepHbiM npe,n;cTaBHTejieM ^BuraTeireH BToporo noKOJieHHa aBJiaeTca 
ZtBHraTejib J\CT-25B. B neM npHMeHeH yHH(j>HHHpOBaHHbiH sjierrpoKJianaH 
C5.629, a TaK>Ke KaMepa cropaHHa H3 HHOÖueBoro cnjiaßa c »apocTOHKHM 
noKpbiTHeM MoSi2. CxeMa CMeuieHHa KOMnoHeHTOB - crpyHHO - ueHTpoGexHaa, 
o6ecneHHBaiou;aa 3(fx|)eKTHBHoe nneHOHHoe cMeuieHHe KOMnoHeHTOB. 
riocjie öojiee nryöoKoro HCCJieflOBaHHa flaHHOH cxeMbi CMeuieHHa H ee 
ycoBepmeHCTBOBaHHH 6biiiH co3,aaHbi ^BHraTejiH TpeTbero noKOJieHHa /JCT-25, 
/JCT-50, ßCT-lOOA H ,0,CT-200A, oöecneHHBaiomHe BMCOKHH yzjejibHbiH 
HMnyjibC 2790...2980 HC/KT H 3HaHHTenbHbiH pecypc no 50000 c cyMMapHoro 
BpeMeHH paöoTbi H flo 450000 BKJUOHeHHH (CM. TaojiHuy 1). Bee OHH co/jepacaT 
KaMepy cropaHHa, BbinojiHeHHyio H3 HHOÖueBoro cnjiaßa c KapocroHKHM 
noKpbiTHeM MoSi?. 

^.BHraTenb ^CT-25 ycneuiHO 
SKcnjiyaTHpyeTca Ha op6HTanbHOM 
Kopa6jie «COK)3-TM», a ^BHraTenb #CT- 
100 A npeflHa3HaHeH Ana HcnoJib30BaHHa B 

MeJKflyHapO^HOH     KOCMHHeCKOH     CTaHUHH 
(MKC) «Ajib(J)a».Bce STH ^BHraTeJiH 
co/jepacaT o,n;HOTHnHbie CMecHTejibHbie 
TOJIOBKH,   opraHH3yiomHe   CMeuieHHe   no 
OflHOH   H   TOH   )Ke   CTpyHHO-HeHTpOÖöKHOH 
cxeMe CMeuieHHa KOMnoHeHTOB,  KOTopaa 
oöecneHHBaeT   scJx^eKTHBHoe    nneHOHHoe 
CMeuieHHe   H   Ha,a;e>KHyK)  3amHTy   CTCHKH 

KaMepbi cropaHHa OT neperpeBa. Bojibuiaa 
qacTb       KOMnoHeHTOB       ynacTByeT       B 

oxjiaxfleHHH BHyrpeHHeH CTeHKH KaMepbi 
cropaHHa,     o6ecnenHBaeT     npneMJieMoe 
TenJiOBoe cocToaHHe KaMepbi cropaHHa c 

tc JaPJZTf/4Z,ZT^aZ%,       6oJibuiHM     sanacoM     no     TeMnepaType. 
::i^:^^Ä/0:^^ÄÄ/   MaKCHMajibHaa   TeMnepaTypa   HapyKHOH 
*-™p% ^pl^J,lf%7e%e CTeHKH KaMepbi cropaHHa npH pa6oTe 
K a Me fib? 
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CpaBHHTejibHbie xapaicrepHCTHKH KJianaHOB 

Taöjraua 2 

ITapaMeTp 
(pa3Mep) 
FaÖapHTbi, 
MM 
Bee, Kr 
rioTpeöjiHe- 
MblH TOK, A 

BpeMfl 
OTKpblTHH, MC 

BpeMa 
3aKpbITHH, MC 

^onycicaeMaa 
HerepMeTHq- 
HOCTb, 
HCMVMHH 

TapaHTHpoBa 
HHOe 
KOJIHHeCTBO 
BKJIJOHeHHH 
Ilepenaa 
aaBJieHHa, 
Mna 

C5.629 

026*46 
0.12 

0.3 
10 

15 

C5.618M 

0.025 

300000 
300000 

0.24 

033*69 
0.24 

0.6 

12 

C5.622 

0.025 

500000 
500000 

0.06 

033*69 
0.24 

0.6 
16 

12 

C5.630 

0.025 

500000 
500000 

0.025 

043*90 
0.46 

1.4 
25 

28 

npHMe^aHHe 

0.025 

500000 
500000 

0.002 

U=27V, t=20 °C 

U=27V, t=20 °C 
P=1.5MPa 
U=27B, t=20 °C 
P= 1.5 Müa 
fl,HOÄHO-CTa6H- 
JiHTpoHHaa 
uenonica 
Bo3flyxP=l H3 

Mna 

Ha B03Ayxe 
Ha KOMnoHeHTe 
Pacxozi BO^bi 20r/c 

M< 

■ 
n.. 

■ 
* t 1 

I w 
* 

m 

# 
a 1 • 

f)0 
i I 

M 
0.6    as   10   /2    /,?   is   ,g   Si0  2,2  2, f 2,6   2,8   figx,Mna 

Puc. 2      3a6UcuMOcmb   parexadHaso KOMnjjexca    ß 
am   <3agj>e/-/uü    na Sxade ^ 
* - ACT-2S (mpea SStfJ,   *• -ACT-£V fmjiza SOU) 
■ - dCT-IQOA (m/iga ZOOM),   a-jlCr-eoOJ fmxzo 200/-/J 

^BHraTejiH He npeBbimaeT 
1200 C, a AonycTHMaa 
TeMnepaTypa 1800 C 
(cM.pHc. 1). TaKaa cxeMa 
CMeuieHHK o6ecnenHBaeT 
npn JIK)6OM peacHMe 
pa6oTbi ^BHraTejia HH3Kyio 
TeMnepaTypy 
CMeCHTeJIbHOH rOJIOBKH, 
cfmaHHa KpenjieHHH 
^BHraTenH K oö-beicry H 

sneKTpoKJianaHOB (CM. 

puc 1), 6jiarojo:apH neMy, 
^BHraTejib He TpeSyeT npn 

CBoen pa6oTe CHcreMbi OTBO^a Tenna B oöteKT. 
TaKHM o6pa30M, CHH>KaeTca Macca «BHraTejibHOH ycraHOBKH H 

3HepronoTpe6jieHHe 6e3 yMeHbüienHa ee Ha^eiKHOCTH, HTO ocoöeHHO Ba>KHO fljia 
Majibix cnyTHHKOB. 3TO npeHMymecTBO MOMO npocireAHTb Ha npHMepe 
ÄBHraTejia ßCT-25, ycraHoaneHHoro Ha icopaöjie «COK>3-TM» nepe3 
TenJiOH30jiHpyioiBiyio npoKJia^Ky Meacay oö-beicroM H KpoHuiTeHHOM KpernieHHa. 
K flBHraTejiK) He npHcoe#HH»K>Tca HHKaKwe 3JieMeHTbi CHcreMH 
TepMoperyjiHpoBaHH«   (CTP).   Rnx   oöecneneHHa   npneMJreMoro   TenjiOBoro 
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COCTOflHHH       flBHraTeJM        (He3aMep3aHHH        KOMnOHeHTOB        B        rOJIOBKe        H 
aiteKTpoKJianaHax) B cocTaBe ABHraTejiH npe^ycMOTpeH ajieKTpoHarpeBaTejib 
MOmHOCTfaK)     2.5     BT,     yCTaHOBJieHHMH     Ha     (J)OpCyHOHHOH     rOJIOBKC     ,H,JM 
ynpomeHHH CHCTeMbi ynpaBJieHHS KOpaöna «C0103-TM» siieKTpOHarpeBaTejib 
He oTKJiioMaeTCH aaace Korfla paöoTaeT ABHraTejib. 
Cxeiwa CMeuieHHH KOMnOHeHTOB yica3aHHbix Bbiuie ABHraTejieß o6ecnenHBaeT 
BbicoKHii y^ejibHbiH HMnyjibc H He3HaMHTejibHoe H3MeHeHHe ero BeJiHHHHbi npn 
3HaqHxejibHOM H3MeHeHHfi 3HaneHHH aaBJieHHH Ha Bxo^e (CM. PHC. 2). 

HeOÖXOflHMO OTMeTHTb,  HTO ABHraTeJIb 
^CT-IOOA, npeAHa3HaHeHHbiH am 
MKC «Ajib(J)a» o6ecneHHBaeT caMbiH 
BbicoKHH y,n;ejibHbiH HMnyjibc, 3HaHeHHe 
KOTOpOrO  npH  HOMHHaJIbHblX yCJIOBHflX 
paöoTbi cocTaBJiaeT 2980 HC/KX, npw 
3TOM OH oöecneHHBaex H caMbiH 
6ojibiuoH pecypc 50000c cyMMapHoro 
BpeMeHH pa6oTbi H 450000 BKJHoneHHH, 
coxpaHfla npH 3TOM yKa3aHHbie Bbiuie 
TeMnepaTypHbie npeHMymecTBa. 
ELpH HeOÖXOAHMOCTH, B 3aBHCHMOCTH OT 

OT^ejibHbie  xapaKTepHCTHKH  flBHraTejiefi, 

no 

160 

150 
0,5 0,6     07     &B      0.9'   t0     L>np, M 

Puc 3   3aSuC(jMOcmt paaodHOta KOMnßeMcaß 
am ' npuSefeHHOt)   djtum   KaMeph/   Lnp 

pecypca  H  ycriOBHH  npHMeHeHHa 
npeflCTaBJieHHbie B Ta6jiHue 1, MoryT 6biTb yjiynmeHbi. 

3TO MOXHO npocjie^HTb Ha npHMepe 
T°C «BHraTejiH £CT-50, ma KOTOporo Ha 

pHC. 3 npeacTaBJieHa 3aBHCHMOCTb 

pacxoflHoro     KOMnneKca     (ß)     OT 

BeJIHHHHbl        npHBefleHHOH        AJIHHbl 
KaMepbi cropaHHH (Lnp), nojiyneHHaa 
npn HcnbiTaHHH OAHoro H Toro Ke 
flBHraTensi c KaMepaMH pa3JiHHHOH 
npHBeAeHHOH     äJIHHH,     C     uejibio 
HCCJie/JOBaHHfl B03MOJKHOCTH 
yjiynuieHHa ero SKOHOMHHHOCTH. 

BHAHO, HTO npH yBejiH^eHHH Lnp c 0.6 
M j\o 0.9M KOMnJieKC ß yBejiHHHBaerca 
na 4 c H cocTaBJiaeT 166c, HTO 

npn reoMeTpHHecKOH CTeneHH 
paciiiHpeHHa con.ua 100 
cooTBeTCTByeT y^eJibHOMy HMnyJibcy 
3005 Hc/icr. npH STOM TeMnepaTypa 
CTeHKH KaMepbi cropaHHH 
yBejiHHHJiacb Bcero JiHiiib Ha 140 C H 

He     npeBbimaeT     1240     C,     HTO 

3HaMHTeJIbHO        HH)Ke       flOnyCTHMOH 
TeMnepaTypbi. Pacnpe^ejieHHe 
TeMnepaTypbi Ha Hapy>KHOH 
noBepxHOCTH KaMepbi cropaHH» npH 
npoaonKHTejibHocTH BKnioneHHa 50 
cexyHA npeACTaBJieHO Ha pHC.«#- up« 

3TOM MaKCHMajibHaa TeMnepaTypa Bbiimia Ha ycTaHOBHBHiHHca peacHM. TaKHM 
o6pa30M, am He6ojibtuoro pecypca, HanpHMep, He 6ojiee 5000c cyMMapHoro 
BpeMeHH     paöoTbi,     MO^eT     6biTb     npHMeHeH     ABHraTejib     c     TaKHMH 

Puc 4      PacnpsäeMHue meHneparnyp 
no Hcrpyy/cHarf noSepMOcma   KQHepM 
czapatHufi  npu npat?ajr&C(smeji6Hoc/7?u 
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xapaKTepHCTHKaMH.AHajiorHHHbie     BO3MO>KHOCTH     ecrb     H     ßjix     .npyrnx 
ÄBPiraTejieH, npHBe^eHHbix B Ta6.üHij;e 1. 
Bo Bcex 3THX flBHraTejiax Hcnonb3yioTca yHH(f)HnHpoBaHHbie sjieKTpoKJianaHbi, 
BbinojiHeHHbie no oflHHaKOBOH KOHCTPYKTHBHOH cxeMe. 
TaKHM   o6pa30M,    ncnojib30BaHHe   B   KOHCTpyKnnn   TpeTbero   noicoJieHHJi 
flBHraxejiefi OßHOTHHHblX OCHOBHblX KOHCTpyKTHBHblX 3JieMeHTOB 
(4)opcyHOHHOH rojiOBKH, Kaiwepbi cropaHHH, sjieicrpoKJianaHOB), BbinonHeHHbix 
no o/nmaKOBbiM KOHCTpyKTHBHbiM cxeiviaM H H3roTaBJiHBaeMbix no O/JHOH H TOH 

>KC TexHOJiornn no3BOJi»eT: 
1) pe3KO coxpaTHTb oö'beM H BpeMH OTpa6oTKH, c no#TBep>KAeHHeM TpeöyeMbix 
noKa3aTenen Hafle>KHOCTH; 
2) coKpaTHTb 3aTpaTbi na no/iroTOBKy npOH3BO,n,CTBa HOBOFO flBHraTejifl; 
3) Hcnonb30Barb co3flaHHoe paHee o6opy,n;oBaHHe, npn STOM oTpaöoTaHHOCTb 
TexHOJiornn H3roTOBJieHHH noflTBepKsaeTCH pe3yjibTa'raMH HcnbiTaHnfi H 

SKcnjiyaTannn panee co3flaHHbix flBHraTejien; 
4) yBejiHMHTb 3arpy3Ky cnennanbHoro ooopyaoBaHna H3-3a yBejinneHHa o6i>eMa 
H3rOTOBJieHHH,   HTO   yMeHbUiaeT   BepOHTHOCTb   nepepblBOB   B   H3rOTOBJieHHH   H 
noBbimaeT Ha^e^KnocTb ABnraTejieM. 

OjHQKOMnoHeHTHbiie rHflpa3HHOBbie jBuraTejm 

O^HOKOMnoHeHTHbie rHApa3HHOBbie ßBHraTejra B KBXHMMam co3flaHbi AByx 
BH^OB: 

1) KBur'dTejiM TepMOKaTajiHTHHecKoro pa3Jio>KeHH« rHÄpa3HHa Taron 5H H 25H; 
2) flBHraTejin KaTajiHTH^ecKoro pa3iio>KeHHH rnflpa3HHa Taron 10H n 50H. 
XapaKTepncTHKH STHX flBHraTejien npe^cxaBJieHbi B TaGjinue 3. 

XapaKTepKCTHKM o^HOKOMnoHeHTHbix rHApa3HHOBbix flBnraTeireH 
TaOJinna 3 

riapaMeTpbi AOT-5 /JOT-25 ^OK-10 ÄOK-50 
HoMHuajibHaa Tara, H 5 25 10 50 
KoMnoHeHT raApa3HH THflpaSHH ra#pa3HH r«flpa3HH 
yflejibHbiH HMnyjibc, Hc/Kr 2255 2300 2250 2250 
TeoMeTpHHecKaji            creneHb 60 55 46 42 
pacmnpeHMH conna 
^aBJieHne    KOMnoHeHTOB    Ha 1.2 1.5 1.5 1.5 
Bxofle, Mlla 
/JaBJieHHe B KaMepe cropaHHs, 0.38 0.45 1.0 0.8 
Mna 
IIpO/IOJDKHTeJTbHOCTb 
BKJIIOHeHH«, c 0.05 0.05 0.05 0.05 

MHHHMajIbHafl 8000 6000 600 600 
MaKCHMajibHaa 

CyMMapHoe BpeMa paöoTbi, c 120000 25000 1500 1500 
KOKH^eCTBO BKJIIOHeHHH 55000 6000 4000 4000 
3HepronoTpe6neHHe 
HarpeBaTejiH, BT 80 70 40 20 
3HepronoTpe6jieHne 15.8 7.9 7.9 16.2 
s^eKTpoKJianaHOB, BT 

Macca, Kr 0.9 1.3 0.6 1.1 
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XapaKTepHHM npeflcraBHTejieM nepeoro BH^a flBHraTejiefi %BJwerrca ^BHraTejib 
flOT-25 TaroH 25H, npe,in-ia3HaHeHHbiH AJIH SKCirayaTamiH B cocTaBe TaKHX 
cnyTHHKOB KaK «KynoH», «CneKTp» a Apyrwx. OH COCTOHT m peaicropa c 
conjiOM, rojiOBKH no^BOfla rwjpa3HHa, ajieKTpoHarpeBaTejia MomHocTbio 70 BT, 

yHH(J)HUHpoBaHHoro sjieKTpoKJianaHa C5.629, 4>jiaHua KpenjieHHH ero K o6beiay 
H 3JieKTpOHarpeBaTeji5i MomHocTbio 2.5BT äJM no/mepacaHHa npHeMJieMoro 
TenjioBoro cocTOHHHa TOJIOBKH H sjieicrpoKJianaHa npn ßJiHTejibHOM 
«MOJiqaHHH» flBHraTejiH. B icaqecTBe KaTanroaTopa B jxanrarene Hcnonb3yiOTCH 
cnpeccoBatrabie 6pnKeTbi, roroTOBJieHHbie H3 MOjmöfleH-peHHeBOH H BOJib(|)paM- 
peHHeBofi npoBOJioK. ßjra 3anycica flBHraTejifl Heo6xoflHMO BHanane npoBec™ 
pa3orpeB ero peaKTopa BKJiMHeHHeM sjieKTpoHarpeBaTena B TeneHHe 30 MHHyT, 
oöecne^HB TeMnepaTypy peaKTopa He MeHee 350 C. ^BwraTenH J\OT-5 H J\OT- 
25 o6ecneHHBaiOT craÖHJibHoe SHaHeHHe BejiHHHHbi mm B TeneHHe Bcero 
pecypca paöoxbi. 
^BHraTejiH KaTajiHTH^iecKoro pasjio^ceHH« rH#pa3HHa ßOK-10 Tarofi 10H H 
/],OK-50 TaroH 50H BnepBbie ycneuiHO aKcnJiyarapOBajiHCb Ha MOKnuaHerabix 
aBTOMaTHHecKHX cTaHHHHX «Oo6oc-1» H <«J>o6oc-2». riocjie nepexo^a Ha 
opÖHTy Mapca H OTCTpejia KoppeKTHpyiomero flBHraxejia xaron 2  TOHHM, STH 
flBHraTeJIH  CTaUH OCHOBHbIMH  H  eflHHCTBeHHblMH,  o6ecneHHBaK>miiMH  MaHeBp 
aBTOMaTHnecKOH CTaHUHH /üia nepexo,o;a c opÖHTbi Ha op6HTy BOKpyr Ooßoca, 
a TaioKe KoppeiawK) ee op6HTbi BOKpyr Oo6oca. /JsHraTeira COCTOHT . H3 
peaKTopa c connoM, TOJIOBKH nojipom rH,npa3HHa, 3JieKTpoHarpeBaTeJia 
peaKTopa, yHHcJHiuHpOBaHHoro aneiopoKJianaHa, (JwiaHua KpemieHHa flBHraTeua 
K    06b6KTy.    J\llSl    KOHTpOJia    <})yHKHHOHHpOBaHHH    Ha    peaKTOpe    yCTaHOBJieH 
TepMOMeTp conpoTHBJieHHH. B peaKTOpax flBHraTena Hcno:ib3yeTca 
KaTa;iH3aTop Ha ocHOBe HpH#HH. ^BHraTejiH Moryr 3anycicaTbca npH 
TeMnepaType HX KOHCTpyKHHH +5 C. OflHaKO «JIH yjiynnieHHa HX xapaKTepHCTHK 
H noBbimeHHH HX CTaÖHJTbHOCTH, a TaioKe flJiH yBejiHHeHHa pecypca Ha peaKTOpe 
CMOHTHpoBaH ajieicTpoHarpeBaTejib, KOTopbiH nepexi; 3anycKOM o6ecneHHBaeT 
ero TeMnepaTypy He MeHee 100 C. B 3aBHCHMOCTH OT ycnoBHH Hcnojib30BaHHH 
BO3MOKHO paccMOTpeHHe Bonpoca 06 yjiyMiueHHH xapaicrepHCTHK 
rHflpa3HHOBbix ABHraTejieH. 
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New generation of monopropellant and bipropellant 
STLRE for small satellites 

Yuri I Ageenko 
CMDB named after A.M.Isaev 

141070, Moscow reg., Korolev, Lesoparkovy tupic, 2. 
Tel. 516-80-26 Fax 516-80-01 

This report describes results of development of some small thrust liquid rocket 
engines (STLRE), recently conducted by Chemical Machinery Design Bureau 
(CMDB) named after A. M. Isaev. These engines are designed to operate with 
the nitrogen tetroxide (NTO)/ unsymmetrical dimethylhydrazine (UDMH) 
combination and hydrazine as a monopropellant. The monopropellant engines 
with thermocatalytic hydrazine decomposition develop 5 N and 25 N thrust, the 
monopropellant engines with catalytic hydrazine decomposition develop 10 N 
and 50 N thrust, and bipropellant engines - 25 N, 50 N, 100 N, 200 N thrust. 
The report includes main engines parameters and description of design features. 
Main parameters of engines as function of operation conditions such as 
propellant inlet pressure, inlet temperature and the others are presented in the 
graphs manner. 

Jet engines are one of the most important functional components of spacecraft, 
and it's practically impossible to provide operation and long-term usage space 
vehicle without such engines. Jet engines create thrust impulses for correction of 
orbits, orientation and orbit stabilisation of spacecraft, as well as, if necessary, 
provide different program turns and other displacement. 
Nowadays as jet engines of space crafts are mostly used small thrust liquid 
rocket engines (STLRE). Chemical Machinery Design Bureau (CMDB) named 
after A. M. Isaev starts to design and develop STLRE since 1971. During this 
period our enterprise has developed more than 25 STLRE with trust from 5N to 
600N, and 14 of these thrusters were successfully used in space crafts of different 
type. There are 5N...600N bipropellant thrusters, that use the nitrogen tetroxide 
(NTO)/ unsymmetrical dimethylhydrazine (UDMH) combination, 5N...25N 
monopropellant thrusters of thermocatalytic hydrazine decomposition and 
10N...50N monopropellant thrusters of catalytic hydrazine decomposition. 

Bipropellant thrusters 

The first generation of bipropellant thrusters of 6N and 25N was developed by 
CMDB in middle of 70-th. ,jJ,CT-25A thruster is a typical representative of this 
generation, this thruster was successfully used in the orbital space craft «Soyuz- 
TM» for a long time. 
One of remarkable design feature of this thruster was combustion chamber of 
refractory material - boron-siliconizing graphite, that was used in Russia for the 
first time. Recently this thruster was changed in the space craft «Soyuz-TM» for 
the modern ,H,CT-25 thruster, the representative of the third generation of the 
developed CMDB thrusters. For the first time in Russia in this engine was used 
combustion chamber of refractory niobium alloy with MoSi2 heat resistance 
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CMDB started development of refractory niobium combustion 
chamber with heat resistance coating M0S12 in 1978. Since this date our 
enterprise had developed technology of coating and full set of a necessary 
equipment for manufacturing of such combustion chambers. On base of 
niobium alloy combustion chambers, CMDB developed a series of bipropellant 
thrusters of second and third generation. 
The second generation thrusters, such as £CT-25E, ßCT-100, #CT-200, £CT- 
400 with 25N...400N range thrust, provide a specific impulse 2650...2800 m/s 
and total burn time up to 10000s (see table 1). Beside that CMDB has developed 
some electromagnetic valves for STLRE of different thrust. Parameters of these 
valves are presented in the table 2. 
^CT-25B thruster is a typical representative of the second generation This 
thruster includes unified electrovalve C5.629, as well as combustion chamber of 
niobium alloy with MoSi2 heat resistance coating. Propellants mixing scheme of 
combustion chamber injection head is jet - centrifugal type, this scheme ensures 
efficient film mixing of propellants. 
After most thoroughly study of such mixing scheme and its development, 
CMDB created thrusters of the third generation - ^CT-25, ßCT-50, ^CT-100A 
and /JCT-200A. These thrusters ensure high specific impulse 2790...2980 Ns/kgs 
and 50000 s total burn time under 450000 of burns (see table 1). All these 
thrusters include combustion chamber of niobium alloy with MoSi2 heat 
resistance coating. 
#CT-25 thruster is successfully used in the orbital space craft «Soyuz-TM», and 
^CT-IOOA thruster is intended for installation in International Space Stations 
(ISS) «Alpha». All these thrusters have the injection head of the same type with 
the same jet-centrifugal scheme of propellants mixing, which provides an 
efficient film mixing and reliable protection of combustion chamber walls from 
overheating. The greater part of propellants participates in cooling of 
combustion chamber internal wall and ensures an acceptable heat condition of 
combustion chamber, providing heavy reserve of the temperature. 

Maximum temperature of external wall 
of the combustion chamber at the 
thruster operation does not exceed 1200 
°C with admissible temperature 1800 °C 
(see fig.l). 

Fig. 1.Temperature distribution of the 
combustion chamber outer surface 
• - ACT-25 (25N thrust), *- ßCT-50 (50N 
thrust),«- ßCT-lOOA (100N thrust),«- ßCT- 
200A(200N thrust ) 
1-valve, 2 - injection head,3 - flange, 4- 
combustion chamber, 5 - nozzle throat 

Such mixing scheme ensures low 
temperature the injection head, flange 
of the thruster installation into the 
space craft and the electrovalves at any 
mode of the thruster operation (see fig. 
1).    Due    to    this    thruster   feature, 
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Main valves parameters 

Table 2 

Parameter C5.629 C5.618M C5.622 C5.630 Note 
Dimensions, 026*46 033*69 033*69 043*90 
mm 
Mass, kg 0.12 0.24 0.24 0.46 
Current, A 0.3 0.6 0.6 1.4 U=27V, t=20 °C 
Start-on 10 13 16 25 U=27V, t=20 °C 
response P= 1.5 MPa 
time, ms 
Shut-down 15 12 12 28 U=27V, t=20 °C 
response P=1.5MPadiode- 
time, ms stabilitron circuit 

Leakage, 0.025 0.025 0.025 0.025 AirP=l and 3 MPa 
cc/min 
Switch 300000 500000 500000 500000 air 
number 300000 500000 500000 500000 propellant 
Pressure 0.24 0.06 0.025 0.002 water flowrate 20g/s 
drop, MPa 

there is no need during thruster operation in system for heat transmitting from 
the thruster to the space craft configuration. Thus propulsion system mass and 
current consumption of the space craft can be reduced without lowering their 
reliability. It is very actual, in the case of small space craft in particular. This 
advantage can be demonstrated on the example of ^CT-25 thruster, that is 
installed in the space craft «Soyuz-TM» by means of heat resistance separator 
between the space craft configuration and fixing bracket. It is not necessary to 
join any units of temperature control system (TCS) to this thruster. For ensuring 
an acceptable heat conditions of thruster operation (propellants non-freezing in 
the injection head and electro valves), 2.5W electric heater is installed on the 
thruster injection head. For the simplification of control system of the space 
craft «Soyuz-TM» electric heater is never switched-off during thruster operation. 
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Fig.2. Flowrate complex ß as a 
function of propellants inlet pressure 
• - flCT-25 (25N thrust), *- ßCT-50 (50N 
thrust),«- flCT-100A (100N thrust),o- flCT- 
200A(200N thrust) 
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Propellant mixing scheme of the 
described above engines provides high 

specific impulse and small its changing under significant changing of propellants 
inlet pressure (see fig. 2).It have to be noted that ^CT-100A thruster of ISS 
«Alpha» ensures the most high specific impulse under nominal conditions of 
operation - 2980 Ns/kgf. At the same time this thruster ensures large resource of 

Ageenko 



50000s total burn time and 450 000 burns and preserves all the specified above 
low temperature advantages. 
If it is necessary, some thruster parameters, presented in the table 1, can be 
improved depending on the resource and conditions of operating. 
This can be demonstrated on the ^CT-50 thruster example. There are shown on 
fig. 3 the flowrate complex ß as a function of reduced length of the thruster 
combustion chamber (Lnp). 
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Fig.3. Flowrate complex ß as a function of 
reduced length Lnp of the combustion chamber 
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This function was defined at testing of one and 
same engine with combustion chambers of 
different reduced lengths. The tests aim was 
studies of ways and means for improving the 
combustion chamber efficiency. It may be 
noted that at Lnp increasing from 0.6 m to 

0.9m the flow complex ß increases on 4 s and reaches 166s that at nozzle area 
ratio 100 means specific impulse 3005 Ns/kgf. At the same time the maximum 
increasing of the combustion chamber wall temperature is only 140 °C, this 
temperature does not exceed 1240 °C that is far below the admissible 
temperature. Temperature distribution of the combustion chamber outer surface 
is shown on fig.4. 

Fig.4.Temperature distribution of the 
combustion chamber outer surface at 50s burn 

This distribution was defined as a result of 50 s 
thruster burn at steady-state temperature 
mode. So the thruster with such parameters can 
be used for the small resource, for example, not 
more than 5000 s total operating time. Similar 
possibilities exist and for other described in the 
table 1 thrusters. 
Unified electrovalves of identical design scheme 
are used in all these thrusters. 
Usage in the third generation thrusters designs 
unified elements (injection head, combustion 
chamber, electrovalves) of identical design 
scheme    and    same   technological    processes 

allows: 
1) to diminish considerably the number of tested thrusters, to shorten period of 
development, preserving at the same time the required level of reliability; 
2) to reduce preparation cost of a new thruster manufacturing; 
3) to use special unique already developed technological processes, in this case 
quality of manufacturing technological processes are proved by results of tests 
and usage of earlier manufacturing thrusters; 
4) to increase operating factor of a special equipment due to increasing number 
of manufactured thrusters. That reduces probability of breaks in manufacturing 
process and raises thrusters reliability. 
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MonopropelJawt hydrazine thrusters 

CMDB had developed hydrazine monopropellant thrusters of two types: 
1) 5N and 50N thrusters with thermocatalytic hydrazine decomposition; 
2) ION and 25N thrusters with catalytic hydrazine decomposition. 
Parameters of these thrusters are shown in the table 3. 

Parameters of monopropellant hydrazine thrusters 
Table 3 

Parameter ,TOT-5 #OT-25 ÄOK-10 ÄOK-50 

Nominal thrust, N 5 25 10 50 

Propel 1 ant hydrazine hydrazine hydrazine hydrazine 

Specific impulse, Ns/kg 2255 2300 2250 2250 

Nozzle area ratio 60 55 46 42 
Propellant inlet pressure, MPa 1.2 1.5 1.5 1.5 
Combustion chamber pressure, 0.38 0.45 1.0 0.8 

MPa 
Single burn duration, s 

minimum 0.05 0.05 0.05 0.05 

maximum 8000 6000 600 600 

Total operation time, s 120000 25000 1500 1500 

Number of burns 55000 6000 4000 4000 
Electroheater                  current 
consumption, W 80 70 40 20 
Valves current consumption, W 15.8 7.9 7.9 16.2 

Mass, kg 0.9 1.3 0.6 1.1 

The typical representative of the first type thruster is flOT-25 thruster (of 25N 
thrust), that was used in the space crafts «Coupon», «Spectr» and some others. 
It consists of the reactor with the nozzle, hydrazine injection head, 70W 
electroheater, unified electrovalve C5.629, flange for installation in the space 
craft and 2.5W electroheater for the maintenance of acceptable temperature 
condition of the injection head and electrovalve during the period of a long 
thruster «silence». 
Pressed briquettes of molybdenum- rhenium and tungsten- rhenium wires are 
used as a catalyst in this thruster. It is necessary for the thruster starting to heat 
reactor by energising electroheater for 30 minutes to provide the reactor 
temperature not less than 350 °C. /JOT-5 and flOT-25 thrusters ensure a stable 
thrust value through all period of operation. 
Thrusters of hydrazine catalytic decomposition ßOK-lO (ION thrust) and #OK- 
50 (50N thrust) were successfully used for the first time in interplanetary 
automatic stations «Phobos-1» and «Phobos-2». After launching in the Mars 
orbit and separation of 2 tons correcting engine, these thrusters became main 
and single, ensuring manoeuvre of automatic stations for transfer from initial 
orbit to the Phobos orbit, as well as correcting its Phobos orbit. 
The thrusters consist of the reactor with the nozzle, hydrazine injection head, 
reactor electroheater, unified electrovalve, flange for installation in the space 
craft. For operation control a resistance thermometer was installed on the 
reactor. Catalyst on the iridium base is used in the thruster reactor. The 
thrusters can operate at the design temperature +5 °C. However electroheater 
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was used for improving their parameters and raising stability of their operation, 
as well as for resource increasing. The electroheater was installed on the reactor 
and provided the reactor temperature not less than 100 °C. It is possible to 
discuss improving of thruster's parameters depending on operation conditions. 

Ageenko 



CoBpeMeHHMH TeXHHHeCKJHH ypOBeHb H HanpaBJieHHH pa3BHTH5I 
paiceTHbix ÄBHraTejieä MajioS TATH 

>KHPOB O.IT., Ka3aHKHH O.A., JIapHH EX., JIe6e#eB H.H., MypKHH B.A. 
624610 r.H-Cajma CBepfljioBCKoii O6JI. 

(paxc  34345-3-17-03 

ßjifl ynpaBJieHHa noji(»KeHHeM cTa6HjiH3auHH H opHeHTainiH KA HC- 

nojib3yioTca PflMT Ha ToruiHBe AT+HflMT, HBJiaiomHecH HcnojiHHTejib- 
HbiMH opraHaMH ynpaBJieHira ßpvDKeHaeM KA. 

PaKeTHwe flBHrarejiH ManoH ram pa3pa6oTKH HHHMain aKcnjiyaTH- 
pyioTCH B cocraBe pa3JiHHHbix KA c Hanajia 70-x TO^OB; B nocjie^HHe rozibi 
OHH HCnOJlb3yK)TCH Ha 6opTy flOJirOBpeMeHHOH Op6HTaJIbHOH CTaHUHH. 

B cocTaB Pfl,TM BXOflflT aneicrpOMarHHTHbie ioianaHbi COÖCTBCHHOH 
pa3pa6oTKH, BO MHoroM onpeAejia.« flHHaMJwecKHe xapaKTepHCTHKH flBHra- 
Tejiefl H HX sHepreTHHecKHe xapaicrepHCTHKH B HMiiyjrbCHbix pexcHMax pa6o- 
TM. 

HcnbiTaHHH flBHraTejia raroft 400H Ha TomiHBe AT+MMT, npoBeaeH- 
Hbie coBMecTHo c (pHpMofi "AapojpKeT", CIIIA, noKa3ajiH pocT y^ejibHoro 
HMnyjibca Tarn B HenpepbiBHOM pexcHMe paöoTbi c 250 #0 291 c npH coxpa- 
HeHHH flHHaMKraecKHX xapaKTepwcTHK flBHraTejw. 

CoBpeMeHHbie HanpaBJieHHH pa3BHTHH P,0,MT: 
• Mo,o;epHH3an,H5i PflMT nyreM npHMeHeHira xapocTOHKHX MaTepaa- 

jioB B KOHCTpyKHHH KaMepbi cropaHHfl H yxecTOHeHHH rHflpaBJiHHe- 
CKHX xapaicTepHCTHK cMecHTejibHOH TOJIOBKH; 

• co3,a;aHHe P/JMT Ha aKanoranecKH HHCTWX KOMnoHeHTax ToiuiHBa; 
• co3flaHHe HOBOH sjieMeeTHOH 6a3bi H Jjy MKA Ha ocHOBe P,0,MT 

HOBoro noKOjieHJM. 
• B HacTOüDjee BpeMH B KA ("C0103-TM", (pyHKHHOHajibHbiH rpy30- 

BOH 6JIOK MKC H ap.) pacniHpaeTCH Hcnojib30BaHHe flBHraTejiefi 
MajioH ram c Hcnojib30BaHHeM JKapocTOHKHX MaTepnajioB H yace- 
CToneHHe pa6onero npouecca. 

O.VKHPOB 



Up-to-date State of the Art and Trends of Low Thrust 
Rocket Engines Development 

S.P. Zhirov, Ph.A. Kazankin, E.G. Larin, I.N. Lebedev, 
V.A. Murkin, LA. Potabachni 

R&DIME, Nizhnyaya Salda, Russia 

The low thrust rocket engines LTRE on NTO+UDMN, being the ac- 
tuators of propulsion systems, are used to control attitude, stabilization and 
stationkeeping of space vehicle (SV). The first generation LTRE, developed 
by R&DIME, are used in the structure of various SV from the early 1970 s 
including all the manned SV starting from the long-life orbital station 
"Salyut". 

The structure of LTRE includes the solenoid valves of R&DIME in- 
house development, and these valves determine in many respects the dynamic 
characteristics of thrusters and their characteristics in pulse modes of opera- 
tion. 

The tests of 400 N thruster on NTO+MMH, carried out jointly with 
the company "Aerojet", USA, showed the growth of thrust specific impulse 
in the continuous mode of operation up to 17% (from 250 s to 291 s) with 
keeping the dynamic characteristics. 

The up-to-date trends of LTRE development are: 
• the modernization of LTRE by way of application of heat-resistant 

materials in the construction of combustion chamber and the in- 
crease of requirements for hydraulic characteristics of injector; 

• the creation of LTRE on the ecologically friendly propellants: oxy- 
gen-kerosene, oxygen-alcohol, oxygen-methane, oxygen-hydrogen; 

• the creation of new element base and PS for SSV on the basis of 
new generation LTRE. 

The use of second generation thrusters with application of heat-resistant 
materials and increase of requirements for operating process in currently wid- 
ening in SV ("Soyuz-TM", "Progress", service module and functional cargo 
unit of International Space Station). 

Based on the second generation LTRE the works are being carried out 
for making the SSV correction PS of global space communication system, the 
correction PS of communication satellite, and based on the ecologically 
friendly propellant LTRE the works on making the boost unit PS are being 
done. 

S. Zhirov 
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flBHraTejiibHbie ycxaHOBKH Majibix KOCMEraecKHX annapaTOB 
Ha ocHOBe PflMT HOBOTO noKOjieHH» 

EyjmameB CA., 3aBropOÄHHH T.K., Ka3aHKHH <P».A, Kyjra6HH K.n. 
624610 r.H-Cajifla CBepfljioBCKofi O6JI. 

(paKc  34345-3-17-03 

CymecTByioT cjie^yiomHe ocnoBHbie npoöjieMbi co3flaHiw flY HOBoro 
noKOJieHHa win nepcneKXHBHbix Majibix KOCMHHecKHX annapaTOB (MKA) 
Haymoro H Hapo,ziHoxo35iHCTBeHHoro Ha3HaHeHira: 

• noBbinieHiie aHeproMaccoBoro coBepiueHCTBa flY; 
• oöecneneeHe BO3MOXCHOCTM 10...20-jieTHero cpoKa aKTHBHoro cyme- 

CTBOBaHH»; 
• noBbiiueHHe TOHHOCTH opÖHTajibHwx MaHeBpoB, KoppeKHHH napa- 

MeTpoB op6HTbi, opHeHTau;HH H CTa6HJiH3auHH KA; 
• cHEraceHHe Bpe^Horo BO3^6HCTBIM cpaKejia flBHrarejra Ha ajieivieHTbi 

KA. 
Hx penieHHe coBMecxHo c KaqecTBeHHMM yjiynineHHeM xapaicrepHCTHK 

flY  B03MOJKHO  TOJIbKO   Ha  OCHOBe   HOBOH   SJieMeHTHOH   6a3bl,   B  ^aCTHOCTH 
PJ3,MT HOBoro noKOjieHHH. 

HHHMani npeAJiaraeT cjie^iyiomHe nyra pemeroiH npoöjieM: 
• npoeKTHpoBaHHe na ocnoBe Hcnojib30BaHHH npHHHHnoB HHrerpa- 

HHH (pyHKHHH cHCTeM, arperaTOB H OTaejibHbix aneMeHTOB KOH- 

cTpyKHHH; 
• HaaayB TonjiHBHbrx 6aKOB H no^ana TomiHBa B flBHrarejra reHepa- 

TOpHMM ra30M H3 OCHOBHfalX KOMnOHeHTOB TOIIJIHBa; 
• nocpeacTBOM 6e3poTopHoro .znicpcpepeHUHajibHoro Hacoca-cTa6n- 

jiH3aTopa no^a^ia KOMnOHeHTOB ToruiHBa B rasoreHeparop; 
• C03flaHHe  H  HCnOJi;b30BaHHe  HeTpaflHHHOHHblX  JKapOCTOHKHX  H   Bbl- 

coKonpoHHbix MaTepHajioB H coBpeMeHHbix nepe^oBbix TexHOjioran. 
B HHÜMani pa3pa6oTaHbi, H3roTOBjieHbi H HcnwTaHbi aKcnepHMeH- 

TajibHbie o6pa3ii;bi arperaTOB,  cocTaBjraioiinix ocHosy HOBOH aneivieHTHOH 
6a3bi fly, HanpHMep, PAMT TXTOH 8H, 400H, MHHHanopHbiü 6wcTpofleH- 
cTByiomHH sjieKTpoKJianaH, ToruiHBHbiH 6aK c ^HaipparMeHHbiM MeTajunrae- 
CKHM pa3,He^HTejieM H CHJIOBOH oGojIOHKOH H3 KOMn03HHHOHHOrO Marepua- 
jia, SespoTopHbiH Hacoc-cTa6iuiH3aTop. HcnbrraHHflMH o6pa3ua MoayjibHOH 
fly MKA, cnpoeKTHpOBaHHoro Ha OCHOB6 BbimeyKa3aHHbix npHHHHnoB, 
SKcnepHMeHTajibHO noflTBepxaeHa B03MOJKHOCTb co3^;aHHH flY MKA c 
ypoBHeM xapaKTepHCTHK 6JIH3KHM K npe^ejibHOMy, njin ycTaHOBOK Ha XH- 

MHMeCKOM TOHJIHBe. 
IIocjieflHHe onpe^ejraioTCH cooTHonieHHeM OTpa6cyraHHbix H HOBMX 

penieHHH.  Ha STO cooTHonieHne BJIHHIOT Tpe6yeMbie cpoKH pa3pa6oTKH, 
OÖbeM H CTa6lUIbHOCTb (pHHaHCHpOBaHHH. MaKCHMajIbHMH ypoBeHb xapaK- 
xepncTHK  H   CHHXeHHe   CTOHMOCTH  JieTHOTO   3K3eMIDT5Ipa   MOiyT   6bITb  ÄO- 
cTHrHyrw B cjiyqae nojiHoro Hcnojib30BaHiw npeHMymecTB HHTerpajibHoro 
noaxofla K npoeKTHpoBaHHio. 

C.EyjmameB 



Propulsion Systems of Small Space Vehicles on the Basis of 
new Generation Low Thrust Rocket Engines (LTRE) 

S.A. Buldashev, G.K. Zavgorodni, Ph.A. Kazankin, K.P. Kulyabin 
R&DIME, Nizhnyaya Salda, Russia 

There are the following main problems of making new generation pro- 
pulsion systems (PS) for perspective small space vehicles (SSV) of scientific 
and national economy purposes: 

• to raise the power-mass improvement of PS; 
• to ensure a possibility of 10...20 year active life; 
• to increase the accuracy of orbital maneuvers, the correction of orbit 

parameters, the station keeping and stabilization of space vehicle 
(SV); 

• to reduce the adverse effect of thruster plume on SV elements. 
Their solution together with a qualitative improvement of PS perform- 

ance is possible only based on the new elements, specifically the LTRE of 
new generation. 

R&DIME proposes the following ways of problems solution: 
• the designing based on the use of principles for integration of func- 

tions of systems, units and separate elements of construction; 
• the pressurization of propellant tanks and supply of propellant into 

thrusters by pressurization gas from the main components of propel- 
lant; 

• the supply of propellant components into a gas generator with the 
help of nonrotary differential pump-stabilizer; 

• the creation and use of non-traditional heat-resistant and high- 
strength materials and up-yo-date top-level technologies. 

The experimental prototypes of unit, formed the new element base of 
PS, e.g. the LTRE with thrust 8N, 400N, the miniature quick-acting sole- 
noid-valve, the propellant tank with diaphragm metallic partition and load- 
carrying shell out of composite material, the nonrotary pump-stabilizer, have 
been developed, fabricated and tested at R&DIME. The possibility of crea- 
tion of SSV PS with the performance level close to marginal for chemical 
propellant propulsion systems was confirmed by the tests of module PS proto- 
type for SSV, designed on the basis of principles mentioned above. 

The level of PS performance is determined by the relationship of spent 
and new solutions. This relationship depends on the required time for devel- 
opment, the volume and stability of funding. The maximum level of perform- 
ance and the cheapening of flight example cost can be achieved in case of 
full use of advantages of integral approach to the designing. 

S. Buldashev 
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HccjieAOBaiHie BO3MO>KHOCTH Hcnojn»30BaHHH B cocTaBe yHHBepcajibHOH MaJioit 
KOCMHHecKofi iwiaT^opMbi 3jieKTpopeaKTHBHbix ABHraTeJiefi. 

r.A.llonoB, r.B.ManbimeB, O.Il.HecTepeHKO, A.H.IIoKpbiiiiKHH, B.M.KyjibKOB, 
lO.r.EropoB. 

rocyaapcTBeHHBiH HayHHo-HccjieAOBarejibCKHH HHCTHTYT npHKJiaflHofi MexaHHKH H 

3JieKTpoflHHaMHKH (HHHTIM3 MAH) 
125810, r. MocKBa, BonoKOJiaMCKoe in. 4 

OaKc: (095) 158-0367 

OcHOBHbie npemviyiuecTBa MariBix cnyTHHKOB — TexHOJioranecKaa npocTOTa, 
COKpameHHBie     CpOKH     npoeKTHpOBaHHH     H     H3rOTOBJieHHa,     HH3KaH     CTOHMOCTb,     c 
HaHÖojibniefi: UOJIHOTOH  npoaBJiaioTCfl  npH  HcnojiB30BaHHH yHHBepcanBHbix Majibix 

KocMHnecKHX rniar^opM (yMKIl). 
BaacHoii 3aflaneH aBjiaeTca onpeflejieHHe o6jiacTeft npHMeHeHHS YMKIl, cneKTpa 

uejieBBix 3aaan, KOTopbie 3Ta njiaT(|)opMa MTOKCT pemaTB npn pa3HHHHofi KOMiuieKTamni 

ÖOpTOBBIX CHCTeM. 
JSflx noBbiineHHa MaccoBofi 3<j)<j}eKTHBHOcra Majibix KOCMHHCCKHX annapaTOB Ha 

ocHOBe YMKIl H cmnKeHiw HX CTOHMOCTH Moryr 6biTb HcnoJib30BaHbi 
ajieKTpopeaKTHBHbie flBHraTejiH. PaccMarpHBaeTca B03MO>KHOcTb Hcnojib30BaHHa 
cTaiiHOHapHbix rma3MeHHbix OTHraTejiefi (CYIJX) B cocTaBe yMKIl. 

OijeHHBaiOTca OCHOBHBIC xapaicrepHCTHKH CII^;, aHajiH3HpyeTca BCöMOHCHOCTB 

HCnOJIb30BaHHH    yHHBepcaJlbHOH    MaJIOH    KOCMHHeCKOH    IUiaT(j)OpMbI   B    OpÖHTaJIbHblX 
rpynnapoBKax pajjiaqHoro Ha3Ha*ieHHa;, npHBOflirrca xapaicrepHaa cxeMa nocTpoemia 

YMKIl. 
B pe3ynbTaTe HcaneAcmaHHH pa3pa6oTaHbi npaKTtraecKHe peicoMeHAauHH no 

Bbiöopy ocHOBHbix npoeKTHbix pemeHHH nepcneKTHBHbix YMKIl. 



Investigation of the Possibility to use electric thrusters for small universal space 
platform design. 

G.A. Popov, G.V. Malyshev, O.P. Nesterenko, A.I. Pokryshkin, V.M. Kulkov, 
Yu. G. Egorov 

State research institute of applied mechanics and electrodynamics (RIAME MAI) 
4, Volokolamskoye sh. Moscow, 125810 

Fax:(095) 158-0367 

Small satellite main advantages are the technological simplicity, short-time of 
development and manufacturing, low cost. These advantages appear with the greatest 
entirety at universal small space platform (USSP) usage. 

The important problem is determination of USSP application areas, purpose- 
oriented problem range, which this platform decides at onboard systems various complete 
sets. 

The electric thruster can be used for mass efficiency increase and cost decrease of 
the small spacecraft basing on USSP. The possibility of stationary plasma thrusters (SPT) 
application in USSP assembly is considered. 

SPT main performances are evaluated. The USSP usage possibility in different 
function orbital constellation is analyzed. The typical USSP design scheme is resulted. 

The investigation result is the practical recommendations for the perspective 
USSP major design solution choice. 



nporpaMMa HACA CEHP- MnKpora30BHH peocTaT fljia ynpaBjieHHa 
nOTOKOM KCeHOHa 

Hapjn>3 Majicpopfl, PHH KejiJin 
MapoTra CaneHTHcpHK KoHTpoji3(MCKH), HHK. 

78 ByHTOH ABeHio, n/n 427, MoHTBmib, Hbio-fljKepcH 07045-0427, CUIA 
Ten.: 973-33-7800 

MCKH npoflojixcaeT pa3pa6oTKy MHKpora3aoBoro peocTaTa (MrP) no 
nporpaMMa HHHOBannoHHbix nccjieflOBaHufi Majioro 6n3Heca (CEHP) no« 
arnflOH HACA. TeMa CEHP - pa3pa6oTKH B oSjiacTH flBHraTejibHbix 
TexHOJiorHH. MCKH npoBejia HccjieflOBaHHH, pa3pa6oTajia n H3roTOBHjia 
MHHHaTiopHbrä     npHÖop     ynpaBJiemra     noTOKOM     KceHOHa     (MrP), 
HCnOJIb3yK>mHH MHKpOMHHHaTIOpHyiO TeXHOJIOrHK) MEMS H 
MajionoTpeojunoinyio aJieicrpoHHKy /yra npHBe,n;eHH5i npnöopa B flencTBne. 
flpnoop no3BOJi>ieT ocymecTBHTb apoccejinpoBaHne noTOKa KceHOHa B 

ZlHana30He 3:1. 
HcnwTaHHH no^TBepÄHjiH acejiaeMbie xapaKTepncTHKH. HcnwTaHna 

npo,aojDKaioTCii B 3anaHHOM flnana30He TeMnepaTyp H flaBJieHHH. 

H. Majicpopa 



n.r[a3MeHHMe flBHraTejiH HOBoro noKOjieHH« 
fljia Majibix KocMHHecKHX annapaTOB 

A.H.MoposoB1, B.M.BajieöaHOB2, AH.EyrpoB3, AC.JInnaTOB4 

PHIJ "KypnaTOBCKHH HHCTHTyr"1, HKH PAH2, MHP3A3, MHP3A4 

Pa3pa6oTaH HOBMH THn CTannoHapHMX iuia3MeHHbix ABHrarejien 
(Cn/l,), npejiHasHa^eHHbix twin. Hcnonb30BaHHH B cocraBe MOJIMX 
KocMmecKHx annapaTOB (MKA) HayHHoro Ha3HaqeHiM Maccon #0 100 KT. 

rioTpeöjiaeMaii aneierpuHecKaa MomHocTb STHX ^BHraTejiefi OT 500 ,ao 
1500 Ban?, nojiyyroji pacxo/niMocTH CTpyn He 6ojiee 15 rpafl., TaroBaa 
acpcpeicraBHOCTb 45-70 nponeHTOB. ,3,BHraTejib HMeeT roiaBHo peryjiHpyeMbie 
xapaicrepHCTHKH, HTO ncoBOjiMeT H3MeH5iTb no KOMaHflaM peacHM ero 
paöoTbi. 

^BnraTejiH Moiyr oöecne^HTb imaBHO H3MeH5nomyioc5i rary B 

flnana30He OT OAHOTO no aecirra rpaMM, a yuejibHbin HMnyjibc - B 

/iHana30H6 OT 1100 no 2500 ceKyHfl. 
TaKHe aBHrarejiH Moryr BbinojiHHTb Ha Majibix KA pasjnraHwe 

4>yHKu;HH: 
• nepeBOflHTb  cnyraHK  c O^HOH  opÖHTbi  Ha ^pyryio  (ycKopeHHe, 

3aMefljieHHe, H3MeHeHHe HaKJiOHemra, "cKpyrKa" opÖHTbi H T.^.); 

• Hcnojib30BaTbc*i    B    KOHType   ynpaBJieHHH    AJTH    opHeHTanHH    H 
cTa6njiH3anHH KA.; 

• ocymecTBJiHTb Jiioöbie KoppeKnnn op6nT. 

A.Mopo30B 
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ApxHnoB B.A., BHHorpaflOB B.H., MacneHHwcoB H.A., MypamKO B.M   HSTHH A F 
OKB "fcaicejj" '  ' 

236000, KajTHHMHrpüÄ, 
MOCKOBCKHö npocriCKT, 181, 

Oaxc; (8-0112) 46-17-62, (0112) 45-66-00 

B     AOKflaae     paccMOTpeHbi     xapaKxepMcxMKH      MHorcxJjynKKHOHanbiioro 

naxcwaxcH B crrnmi oipa6nticH pm MomtyiiKiwiii 'mcK-rpm^cxoio pcaKxurwoxo 
ABHraxen» B fluanasoHe rar ox 10* Äo 10H, npeAH^miHeHHMe am npei^HOHHoro 

OpeMra""''   n^0>KeH"eM   KA   B   KOCMHHeCKOM   npocxpaHCXBe   H   xoppeKiweii   ero 

MTV     Pa6?1'U  n° C03A&HHIO »HAKOCTHMX  paXeXHblX ÄBHrflTeneH  MäJIOH T«rn  OKPH 
MT) xaroft B AoesTue u ooxwe AOJIH HMOTOHH «wjaioxcs OAHHM H-J BaxcHefliiiHx 
HanpaaneiiKH ABHraTejiecTpoemoi. OKB "«Daxen», Hah-ormen 6o;ree HBM 20a „öTHUH 
OIH.IT ccwflaHHa OÄHOKOMnoMeHTHWx PflMT, ycneiiJMO OCBOHBIUHX arox Ananas rar 
CioaaoTHOOixcflccpHftHweaneKrpoTepMOKaxajjMXM^ecKncTK^KlO, K50-10 1 M Fikel- 
1N, a Taxace eecKaranmaxopHwe repMnnecKHe >KPÄ MT H ABHrarej.u a miaBHWM 
peryjiHpoBaHHeM xaxM. Ha Gase TICfl cosaan HOBUM KM« oA„oKoMnoHeHx„tix PJJST 

■■ BWHOCHue raso^ H *HÄKOcrHopcaKTHBHbie «BurnTen« TenaoaicKyAwjaTopHoro rana 
MHoroJyHKUHOHajibHMM MWCTpoTepMHMecKH« ÄBHraTwib KIO HSroraBJiHBaerca OKB 
<Paxe;i B xpex BapnaHTax: rHApaaimoBOM xepMOKaxawnmecKOM H 

anwerpoTepMOKflTajiHTHiecKOM, rasopeaxTHBHOM MHKporpaB.ixaunoi.HOM 
rasopeaxTHBHOM xeanoaKKyMyBsxopHOM. FaaopeaxrHBabie BapnaHXbi TKfl K10 
peajijraywT wuBHoe peryjiHpOBaHHe Tarn PßMT a AHunaaoHe 10-'..10' H HTO 

noSBOJiaex TaK«e peujHTb npo&ieMy o6ecne<KHM ycnomii MMKüorpaBHTaiiMH na 
öopxy TexHOnorMiecKHx MOflyjiefi MJIH KOCMMHUCKOü craauHM ran» "Map" Ularra 
Cowamie MHor£>4>yHKUHOHanbHoro MoaporepMHHccKoro ABiiraxe.™ Klo'ttwweTc* 
o'iepeÄHbiM maroM B PH3BHTHH paßoT OKB "Oaicen".' i 

HpHMeHemie CTI^ H 3Tfl KIO a cncxeMax ynpawieHHa Bi^wna Manwx 
cnyxHHKOB oßecneHMBaeTnoBuiueHHeKOMMepiecKofi S^C^KXHBHOCTM TUKHX CHCTCM

2 

TJEPMOJ^ATAnHTJHECKHfl r!^PA3HHOBBJH UBIirATHJTKJQO 

HayHHO-MCCneaoBaTwibCKMe paöoibi no coaflaHWo TepwoKaxaJiMTHHecKiix 
ÄBHraxenefi nposoauBHCb B OKB "<J>axar c 1978 roÄa H MIOOTH HaynHo- 
xexiumecKMe OCHOBW WH co^aiiHn nepBOro oxenecxaeHHoro ny^aiiiHOBOxo 3Kpn 
Ml H nepBOro B Mupe cepaüHoro TepMOKarajiHTHMecKoro amm-rena m 
MerajiBHMccKHX Kaxann3aropax. 

Hccne/iOBanw pasjiHiHue nyxn opraHH3au.nn pa6o»iero npoqecca H 
cooTueTCTByjomHe KOnCTpyKTHßHbie BapHöHxw ya^oß BnpucKa, xepMOKiixa/iHximecKHx 
naKexoB, xa6enuiux HaxpeBaxejiefi M flpyxnx aneMeuxOB TKfl, 6ojibuniHCxBO Ma 
Koropwx cerOflHa sauHiueHbi öAXOPCKHMH CBHÄexcnbcraaMM. 



PeiueHa c})yHAaMCHxa.TibHaH HayMno-rexHn>iecKan npo6;ieMa BWCOKOTOHHOFO 
o6ecneMemi« rflrw H MflKCHMajJbHoro orpaHHwewifl pasnoraroBocTH napHbix 
ABMraTcneß MOMeHTnofi CHCTCMM opHoiixamin H CTa6(uni3amiH KA, 

^a^hHeüuine uccrtsnoBaiiwi no noBwuiemuo TOHHOCTHBIX, pecypcHLix H 
peryjiHpoBOiJHbix xapaKxepHCTMK no3Bonnjin BWBecxii oTeyecTneHHbic TKfl, COC Ha 
TcxHHMecKMß ypoBeHb, npeBocxoAammi xapaKTepncxi«ai jjymiinx 3apy5e>KHbix 
MOHOTonmtBHbix 5KP^ MT sxoro KJiacca, H cosAaxb HOBoe noKonemie TK/J c 
yjiywuienHbiMH MaccoBbiMH 3HepreTn«:iecKHMM, AHnaMHiecKMMn xapaiaepncrHKajvtn u 
npaimuieCKH^ cpoxoM SKcnnyaxauHH SO nei H 6ojjee. 

B peDyjibxaxe HUP TKfl xaKwe co3^an yHHKanbHbifi n3McpMxenbHO- 
Ä»arHOCTM»jecKnii KOMnneKC, no3BOJiaioujinfi na#e>Kno imiepaxb 11 nporH03HpoBaxb 
xarOBbie, flmiaMimecKHe H aneprexmiecKwe xapaKxepHCXHKH TK^ B Ananaaojiax xarw 
0...10J H, 0...I0-' H M 0...100 H. B TOM HHCJie coBMecTHo c /jry H HIiO H-inX 
pa3pa6oTaiibi n BHeApeHW ne uweiouuHe aHajjoroB lmiepuxejjji rani MT-3 w AMT-2, a 
coBMeCTHO c KB 3as0.ua 'TocMexp" - KBapueBbie 3jieKxpOHHMe ycxpoiicTBa AHH 
o;iHOBpeMeHHoro M3MepeHna xarn, BeKTopa Tarn, pa3noxarOBOcrn H xeKymefi Maccu. 

K cepeflHHe 80» x TOAOB npaKixmecKH Bee 3aaa«JH, cBjraaHHwe c npiiKJiaAHbiMH 
HUP no co3flaHnK> rHApa3nnoBi>ix TKJl Tiirofi AO 1 H, ycneuwo peiueHW H wiyfuiacb 
jiexmiH 3KCiiJiyaTaunH TKyU, K10. 

TepMOKaxamnimecKKü niApa3HHOBHH ABHra-reiib K10, rionyywi uinpoKoe 
npuMeHeHHe B JICXHOH npaKTHKe, UTO o6ytuoBjieHO ero BMCOKOH HaAWKHocxbro B 

3KcnnyaxauHM, cxaonjibHOCTbio napDMerpoa Ha npoxa>KeHMn Bcero pecypca 
op6nranbHoro (pyrncuHOHnpoBaHH«, noÄTöcp»:AeHHa« Bammma KOToporo COCJ asjiaer 
K HacToaiueMy BpeMCHH 8 wer. TKJ\ K10 npuMCHaexca c 1982 roAa Ha oTewecxBeHHux 
rcocxauMOHapubix MC3 paaiwjuoro HaaHaneunH xnna "KOCMOC", "Jlyu", Tajic", 
"3Kcnpecc"' 3a 3TOT nepnoA B xocMOce ycneiuHO OTpa6ora.no M 

npoAOnHcaeT ycneiuHO 3KcnjryaTiipOBftTbc>« cBbiiue 2000 ABHrarejieo K10. 

PHC. 1 06mHH BHA TK/J K!0 

B HacToaiAee BpeMfl paspaooxan ero ycoBepweHCTBOBaHHbw Bapiianr T1<;J, K10 
- 3JiehxpoxepMOKaxaj]iiTMHecKHM ABurarejib K50-10.I. flpwaienh KBajiutpmwpoBaH wa 
pacujHpeHHbifi A"ana30H Tar«, HMeex öojiee npoiHyio xoncxpyKUHfo, onxuMHuHpoaaH 
no yMenbtueHHK) renjioBbix norepb. 



Performance-.of the Multi-Application Long-Time Electrothermal Microrocket Engines K10 
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Abstract 

The performance of microrocket engine K10 is discussed in this report. Said 
thrwster was developed at FAKEL where electric thrusters covering thrust range from 
103 up to ION have been or are being developed as well, intended for accurate attitude 
control and orbit maintenance functions of a spacecraft. 

Development of low thrust (several tenths or hundredth« of a Newton) liquid 
propellant engines (LTLPE) is one of the most important task in the propulsion 
technology. FAKEL have been developing mono-propel I ant LTLPEs for more than 20 
years having successfully covered such thrust rHiige. These are commercial 
electrothcrmocatalytic thrusters K10, K50-J0.1 and FakeMN, number noncatalytic 
monopropellant thrusters and also engines and smooth regulation of thrust. K10 was 
used as a basis for development of a new class of monn-propellant LTLPE - remote 
gas- or liquid-propellant heat accumulating microrocket thrusters. Misapplication 
LTLPE K10 is manufactured at FAKEL in three variants: hydrazine 
electrothermocatalytic thrusters, gas-propellant microgravity thrusters and gas- 
propellant heat accumulating thrusters. Gaseous propellant microrocket variants are 
designed for smooth thrust regulation within range 103... 101 N that would help solving 
task of providing the microgravity conditions on board of space vehicles such as the 
Space Station MIR or the Space Shuttle. Development of a misapplication thruster 
KlO ie a new step in FAKEL strategy.1 

Application of the SPTs and the KlOs in small spacecraft's orbit transfer control 
subsystem would improve its efficiency.2 

The K10 Thruster 

FAKEL have been promoting the R&D work on thermocatalytic thrusters. since 
1978, having put the scientific basis under the first national hydrazine LTLPE und the 
world's first serially produced thermocatalytic thruster with a metallic catalyst. 

Several operation process versions and respective design options in injector, 
catalyst pack f^ble heater and other elements have been studied, most of which ate now 
patented. 

The fundamental scientific problem was solved lying in highly accurate thrust 
maintenance with maximally effective limitation of thrust difference in a thruster pair 
operating in a spacecraft attitude control and station-keeping subsystem (ACS). 

Further improvement of accuracy, life and regulation parameters has advanced 
the domestic TCTs for ACS to a level over the best of similar foreign monopropellant 
LTLPT and has resulted in new generation TCT with advanced mass, power and 
dynamic characteristics and lifetime over 10 years or more. 

R&D on microrocket L tupe also produced a unique measurement and 
diagnostics setup reliably measuring and giving basis for forecasts regarding thrust, 
dynamics and power characteristics of TCT within thrust range 0...10-2N, 0...10-1 N 



and 0...100N. DGU and NPO G1PH took part in development and application of 
unique thrust stands IT-3 and D1T-2 and the Design Bureau of the Gosmetr Factory - 
in development and application of quartz electronic device for simultaneous 
measurement of thrust, thrust vector, thrust difference und current mass. 

By jKOes almost every task of R&D on hydrazine microrocket engine with thrust 
of up to I N was successfully completed and the K10 was flown. 

The thermocatalytic hydrozine thruster K10 has been intensively flown due to its 
high operation reliability, repeatable performance over the entire operational lifetime 
which has been demonstrated by now as long as 8 years.. The KlOs have been flown on 
board of national geostationary satellites of various application, such as KOSMOS, 
LUCH, GALS and EXPR^S, GLONASS. Over 2000 KlOs have been flown since that 
time some of which aie still operating. 

Fig. 1 The K10 thruster. 

Th* improved K1Q version ii developed — electrothcrmocatalytio ihrusLer 
K50-10. j. That thruster was qualified for an extended thrust range, its design is suonger 
and the heat losses are optimized. 

lUflflBdKSO-HLL 

The K10 is shown w F»S> > • 
Components of the K10 and the K50-10.1 are shown in Fig. 2. 



OriHCAHHE TKJ K10 M 3TKfl K50-1Q.1 

OClUHtt »HflflJJHI-ATjyia K1Ö llPHACTABJmH HA PlIC.I 

COCTftB M OCHOBHbie C^ /eMCHTW TepMOKaTaJlHTHHtiCKOrO rH;j,pa3MHOBOrO 
ABHraxeJifl KJ'O H 3JieKTpoTepMOKäTajjHTHMeCKoro AßHraxe;i>i KS0-1Ü. 1 npHBe^eHbi Ha 
pnc,2 

•Cwnarowarop 
flawieHMB 

ynjwwwiomwu 
KnanaH 

SxpaHHo-uakyyMHaH 
Tennoti3oiini|Hfl__ 

'f^HMMiiTeilb 
Konbuo 

\   \/ 
...«Kv;.fe^   Hörpesate/ib - 

tf tepMonapa 

\ Karanw3aTop 

PMC. 2 CocTaw H OCHOBHWO 3JjeMeHTW TK# KIO u 3TKÄ K50-10.1 

TexHHHecKHe xapaKTepHCTMKH TK# K10 H 3TKfl K50-10.1 

• OcHOBHbie TexHH'iecKHe xapaxi epiiCTiiKH TKJ\ K1Ü lipiiuuACHb« B Taö.u. 1. 

TaÖJi. 1 TexHMiecKHe xapaKTepwcrHKw JKJi,-K10 

napaiwerp 3naiieH*ie 
Tnra ABuraTena HOMMHanbuaa H 0.1 

yflejibHbrti HMnyjibc npn ycraHOBHBmeMC« Henpept-mnoM 
pejKHMe paßoTbi, H c/icr 

2000...2I00 

flaBnemie TonnMBa Ha Bxoße B flBHrarent, HOMMHaribHoe KDa 172 
noflTBepjKfleHHbiiii pecypc paöotbi no cyMMapHOMy BPöMüHH 

BioiiOMeHMrt, sac 
160,He MeHee 

HaA©>KHO^i"b B 3KcnjiyaTai4«M 0,999 npn 
iHOBepi/iTeJibHofl 
eepoflTHOCTM 0,8 

CTä6nnt>nocTb napaiwieTpoB Ha npoTRweHmt scero pecypca pa6oibi 
Bocnpon3BOÄHMOCTb T«rH ABHraTenefi npn OAHHaxOBbix 
BxoAHbix napajvteTpax (TewinepaTypa H Aamiemiemnnnina 

Ha Bxo,ae), % 

1.5 HC 6ojiee 

CTa6njibHOCTb eÄHHH»iHoro HMnyjitca Tanu npn 
OflHHaKOBbix BxoAHbix napaMeTpax, % 

3 He Gojiee 

CocTomwe pa3pa6oTKM nöTHan ^KcnnyaTauMfl 

OcHOBHbie TexHHHecKHe xapaKtepHCTHKH 3TKJ\ K50-10.1 npiiBcjieHbi B Ta6ji. 2, 



TaSxr. 2 TexnH»iecKHe xapajcrepwcrHKH ^TK^ K50-10.1 

Tara, MH 
PapaivieTp 

ÜJaBjieHHe TonnuBa Ha BXQfle, Klla 
3HepronoTpo6jieHHe B pe>KHMe TepMocTaGHgauj^Br 

530-% 

noATBep^aeHHufi pecypc pa6oTt.i: 
no 'iHCJiy BKJIIOHeHHii 

, no Bupa6oTaHnoMV roruiHBy, Kr 

MaccaMo,nyj]flK10. Kr   
CTöäHH OTpa6oTKH " ~~ ~" 

853...206 

mo«_ 
20" 

_o,of 
cepjifiHoe 

naroTOBJieHHe 

^H'"A^F«El..lNllPAKmiircKHIIBOTJJH«JABTC>IOTKI0Hni.WiAlWUMrnirn 
*UPa)«)BAHHhTftnO?AC1X(ViyHAPHAHT 

MHKporpaBHramiOHHb.fi anewporepMimecKiiH muv&r&ib K10P npe«Ha3Ha«ieH 
MH oöecnoHeHMJi yoiOBHH MHxpoipanHTamiH Ha 6opry ÜKC H TCXHOJiorHiecKMX HCS 
oSecneRHBaer paöoty Bwumam tar 10-»   10* H nPH *Hepronorpe6i,enHH 5-10 Bl 

Tara (T) 3TMr# KI OP Ha raaooGpasHOM paöoieM Te/io B 3HBHCHMOCTH OT 

MOAH^HKBUHH HaxoAHTca B npeaejiax, onpeflenaeMux jaBncHMOCTbio: 

T[MHJ=(6...60)*PBX [aia], 
rn& PBX - aasJieHwe raaa Ha Bxo^e B mwmrenb.- 

npw 3TOM B ananasoHe so SO MH rary AUHraTen» MOJKHO rnianHo peryjJHponaTb 
nyreM Harpesa rasa c noMombio uirarHoro MftcTpoHarpeBaTen« Kax na wxoae B conno 
Tax H HU Bxoae B flBwraxenb. flflx npHMepa Ha PHC. 3 noKaaana peryjinpoBOHHa» 
xapaKTepucTMKa flByxypoBHOBOH MCwrtpHKauHn 3TMr# KIOP Ha wore npii 
nopjOAHHOM ÄaBneHHH no^aHw 2.4 105 ria. 

*.o   T.t 

PHC. 3 PeryjiapoBO'iHa« xapaKTepucTmca 3TM17J K10P 

3aecb i - nopHÄKOBOH HOMep cTynenw peryjinpoBaHH«, TK - 'mvniepaTypa 
Harpe»a rasa B xaAiepe 3TMI*# KIOP, Tux - TCMnepaTypa narpcBa rasa HB Bxoae B 
AHtirareBb. 



llpH pa60T6 na HeKOH^eHCHpyiouiHxcfl rasax u ycraHOBHBUiejwCfl HenpepwsHOM 
pe^KMMe yaejibHbt« iiMnyjibc 3TMTR K1 OP H 3TA# KI OK onpeaaiHerc» 
3aBHCHM0CTbK> 

Jyn =0.928-KT
./TK        0)- 

Kp 

rof) KT II Kp - oooTBOTcmeMMo xo3i}M{kHUri«!H'i' i«iii H nocTOHHiia» pacxoAa, Koropbie 
3aBMCHTOTpoAara3a. 

B MöCTHocTH, Ha a30Te yaeflbHwiJ iiMnyjibc paBen 

JynKj-40,9VTK([H.C/KIJ 

np« 3arpaTöx MomHoctH Ha Harpes rasa B K«Mepe3TMr^ K10P M 3TA# 
KiOK or 3 Ao 8 BT H MHKporarax äO 50 MH yflenbHufi MMnyjitc Ha asore cocTaBHT 
90O..,H00Hx/Kr, 

Kax noKaaami 3KcnepHMeHTajibHbie Hccnenomnm 3TA/J K10K, np« paöoxe Ha 
KOHAeHCHpywmHxcH raaax yjmbHuü HMnyjii,c 3TMI7J KIOP H 

r3TAJ\ K10K 
npiiÖjiHjKaöTCfl K ypo»Hioi xapaKrepHOiuy WJ« paBHOBcciioro HOTeienHx. B «lacxHocTM 
wa KceHOHe 6wn nonyieH yaejibHbifi HMnyaw 3TAßK1 OK, rKwiiiiiHJouuiHCH 
3aBHCHMOCTM 

JynXe=36+0.025.(TK-273)(| ceKi 

B CBH3H c 3THM npH HH3KHX reMnepaxypax ywrnvuti HMnyjibc na 30 % 
oKa3WBaercH Bbiiue, weM otipmennumPi no $opMyjie (1). Ilpn TeMiiepaxype TK = 
450°C yflejibHbiii MMnyjJbc K10 Ha xceHom Ha 5 % Bbime, H&M no «JjopMyne (I). 

C-Jieayeir^TMeTHTb, iro HecMOTpa Ha 6ojiee new AByxjcpaTHyjo paammy B 
yae/ibHbix HMn^Dbcax OTHOcHTcjibHwe HMiry/ibcbi rasopeaKTiiBHbix CHCTöM Ha a30Tc H 
na KceHOHe H3-3a 3Ha»iMTejibHO 6onee BMCOKOH njioxHocni KCeHona 6JIM3KH apyr Apyry. 
Tax, ecnn OTHecra oSuuiH Hiwnyjibc ram Jo6 K cyMMapHOii MBCCC 6ajuiona M6 H ra3a 
Mr, KOTOpafl cocra»jiaeT ocHOBHyw AOJHO Maccw raaopeaKXHBHofi CHCTöMM, TO AJI» 
a30xa 

JN, = Jo6/(M6 + MNl) - 410...450H-c/Kr. 

a ÄJiH KceHona np« onxHMajibHOM Aaa/ieHMH B 6ajuioHe 120105 Ila 

JN, = JoB/(M0 + MXc) = 390...430H-C/KT 

B 3TOM oTHoiueHHH 3acyiy)KHBaioT Taicsce BHMMaHH« rasopeaKTMBHue CMCTOMW C 
3TMryj K10P Ha raxux pa6onHx Tenax KöK aMMiiax H BOä«, xoxopbie Moryx 
XpBHHTbCfl B »HflKOM BHfle. 

OriHcaHne 3TMr^ K10P 

IIpHHHunHaJibHWM orjumneM upeMnoweHHOro Mexo^a xepMopery/nipoBaHwa 
T»rH OT TpaflHUHOHHbix ABJiAtTCst TO, wo npH nocTOHHHotf leiwiepaxype ra3a Ha Bxoae 
B ÄBHraxaib H3MenenHe T*TH ocymecrBJisexca 6ss ApocceanpOBöHiiH pacxofla TOJIMCO 

jniujb nyxeM H3M6HeHHÄ TepMOflHHaMHiecKHX napaMexpoB rasa, HO npH nocroaHHOM 
pacxoAe eio uepe:) conno. 

Peajibnas KOHCTpyxuH» 3TMTJO, K10P npaxTH'jecKH nojinocrbio cooTnercTByer 
KojicxpyKHMH 3T^ KIO. OTJIHUMC aaKmonaeTCfl B cwieHHwx yaxiux »npucKa, npoxo^Hoe 



cöMeHHe KOTopwx BWÖnpaTbCH H3 ycnOBiia oüecnesemi» KpMTHMecKoro nepenajw 

TEXHUMBCKHEXAPAKTEPHCTHKH 3TMffl K10P HA KCEHOHE, A30TE 
üapaMcip 

Paöonee TCJIO 

Tarn, MH 

rapaHTufiHMfl pecypc paööTbi HarpeBaierw flönraTen«, Mac 
3HepronoTpc6jienHe, BT 

CTaflH« OTpn6oTKH ^^  

3H£i'jeHHe 
KCeHOH,U3ÜT 

l-lü 
iieMeuec 100ÜÜÜ 

5-10 

3JIEKTPQTE£M13.HECKHfi TEnjIOAKKyMy^^TOPHbia JBHrATfeJib 

KaK noKa3ann 3KcnepHMeHTant,nwe Hccjie/iOBaHH«, KOHCTpyKmia TKA K10 c 
KarajiHTHHecKMM pasncfiemieM MonoToruiHua Moacex 6biTb nenocpcaci BCHHO 

Hcno.i]h30BaHa WIR COSAUHH« rasopeaxiHBHMX CHCTöM opmuramm n oaCnmmanmi 
HOBoro, jj.njioaKKyMyanpyiowero xnria. nepsbiii B Miipe onurHWfi oöpa'jeu. 
TeriJioaKKyMy^npyiomeroABHraTeTifl GbiJi cos/um B 1993 rosy B OKB "<J.>aK<wT Ha 6ä3e 
cepMilHOro TKR K10 AXIS ncnojit30BaHna B o6beAiincHHoii fly na xceHone no upoexiy 
MüXflyHupoflHoii KocMH^ecKOÜ SHeproÄBnraTejibHoii CHCTCMW "Tonas". 
AöMOnCTpaUHOHHMMH HCllblTftHMJlMM 3TOrO fffiUrSLTem 6UH0 «OKa3aHO, WO OH MO>K6T 
paöoTaTb npaKTMMecKH Ha JIK>6HX ra3oo6pasHbix BemecxBäx c ypoBHCM noTpeGjiaeMoft 
MQIHHOCTW Ha OäHH'ABQ nop^AKa MeHbweM, wcM a TpaflitmioHiibix 3iieKTpoHarpeBHWx 
ÄBuraienax. 

Mofly^b Ten^oaKKyMy;inpyiomero ABuraxens nan6onee acJxpeicTHBHO Moacer 
öbi'j-b noiOJib30BaH B raiopeaKTHBHbix cjicxewiax ynpaBjieHHfl KA, A»»I aiejJH xoTOpwx 
pa60TaK)T npeUMymeCTBeHHO B pCKHMaX C BblCOKOft CKBa>KHOCTblO. B uaCTHOCXH, K 
xaKHM cHcrewiaM OTHOCHTCH fly opHenxau.nn H cxaSHW-iauHH KA c AniiTejibHMM 
cpoKOM aKTHBHoro cymecxBOBamifl. B 3TOM cayjae aaMena "XOJIOAHMX conen" Ha 
3jieKTpoHarpeBHbte TennoaKKyMyaHpyjouwe Mo^y^H nosBOnner yaeamiHTb cyMMapHbifi 
HMnynbC Tarn fly COC Ha 50...60%, IlpH 3TOM AOno.nHHTe.rcbH an MOIHHOCTJ», 

3arpa4HBaeMöH Ha pa6ory COC w 6yAeT npeuumiaTi» 30...50 BT, a Macca OAHOTO 

MOAyufl cocTaBJiflCT 0.07 Kr. Ha 3rane BbixoAa KA na UJTüTHMH pewwM pa6oTt>i 
TenaoaKKyMyJuipyiomufi AWirarejib Mowex pa6oiaib c BbiKjnöMöHHbiM HarpenaxeneM, 
pä3BMBaa TOT >Ke yAenbUbitf HMnyjJbC, 4'ro H "xojiOAHbie" coima. 

B 3JieKTpoHarpeBH0M TennoaKKyMyaflTopHOM poKiiws (naKeT KaxanHsaxopa 
3aMeneH Ha naKei H3 Hep^aBeioiyeii CTHJIH) MOAHtJjHKaun« 3Tfl K10 paGoxaer B 

pe>KMMe HMnyjibCHbix BK.ajoiennft c TeiMnepaTypoH Harpeua AO I 000D C. /iBHraxejiH 
STOro Tuna MoryT pa6oTöTb npaKximecKH na mo6bix raiooopamwx H MCMAKHX 

pa604HX Teaax: KCCHOH, VMMMK (o6i>eAHHeHHbie 3P^y); oTpaßoraHHue »MAKOCTH H 

MöTaöojiHMeCKHe ra3bi - yrjieKHCJibiii ra3, MßTau, Bo^a (nunorapyeMwe OKC); BOflopoA 
(HcnnpjHo.mHeca KOMnoHeHTbi paKeiHoro TOiuiHBa). 

OnHCAHHE 3TAA Kl OK 

06mHii BHA 9TA/1, K10K npeAcxaejieH Ha pnc.3 



PHC. 4 ijtiWHti BHfl 9TA/J K10K 

1-K'ianan, 2-TpyÖKa noaami, 3-MOHiH^HWfl (Jwiaiien, 4-cocAiinenHe K JIHBHH no/tain 
paGoHcro Tejia, S-afleKipHiecKHfl Ka6cjii>, cocflHHCHi-ieK AaxiHKy Aan.uciinfl.7 - Mo/ryjib KI0K. 

Mo^yjih K10K COCTOHTHS K8Mepi»i, ajicKipHHecKoro narpcuaTCJM, coiuia a wpaHHOBKyyMiioH 
momma. BnyTpH KaMepi.i pa3Meinen TepMoaKKyMyjiwpyiouuift nopHCTWH meMem: 

TexHHnecKHe xapaKT&pHCi'MKii 3TA/J K)0K 

OcHOBHbie TexHHHecKHcxapaKTepHCTHKH 3TAJ\ K'lOK npeACxaBJieHW B Ta6jj. 3 

Taßji. 3 OcHOBHbie TexHH»»ecKwe xapaKTcpHCXHKH 3TA,fl, K10K Ha pa6cmnx xenux 
Bo^opOfle, aMMHaxe, a3ore 

riapaMeTpw 3HaHenne npHMenauHe 

Tara, MH 100-1000 
^)jjeKTponoTpe6)ieHMe, BT 7...15 
Macca auHraTena, xr 0.2...0.3 Macca ABMraren» ynaaaHa ä.UH 

KOMfiJieKTaUMM MOflyjlH OflHHM 
i-imi ji;nyMH Knanai-iaMH 

HeHa TurH, BT/H 10...14 

Yfle^bHaa Macca 
ÄBnraTejia,Kr/H 

0.5 

PacxoflyeMHH ewiKOCTb 
TejuioaKKyMyjiSTOpa, K/JJK 

flo 5.1 JIpM Hasajibwofi xeMneparype 
Ao 600°C 

yjiejibHbiH HMnyjibC Moaywa 
KIOK.c 

B 3aBHCHMOCTH OT CKBaäCHOCTM 
BKJIK)1J&HHH 

wa BOflopOfle 300...500 (lie 
Menee 1700 BT/H) 

B CKOöKUX yKuiana mm\ TAVH 

fin» nonyHCHHH MtiKcnMa,ribHoro 
yAejibHoro nMny;ibCa c 
JlOMOIJUbK» TpÖ/lMUHüHIlblX 3HJi, 

ma aMMHHKe (raa) 1Ü0...200 (He 
MCHee 700 Bx/H) 

Ha a30Te 60...120(HeMeHee 
600 BT/H) 

Ha KcenoHc 30...50 (HC MeHee 
230 BT/H) 

•   K10K npno6iKfTatOTCH BeAytUHMH (pupiviaMH C11IA M EBpojibi jxna 
McccjieflOBftHMa xapaKTepHCTHK M npiiMdneHHH B nepcneKTHBHWx npoexxax 

TAÄ K10K Moxex 6bixt> Mcnojib30Ban npw xarax 6o«ee 50 MH, 3TAA K10K 
ocoöeHHo 3(p<peKTHBen npH paGoTe B pOKHMftX OAMHOUHblX BKJUOHeHHM H B 

HMnyjibCHbix pewHMax c 6OJII»UIOH CKBa>KHOCXbK> BKJiioHeHHH. Coor&ei CTByiOlBUe 
3aBHCHMOCTH y;ienbHoro HMnyjibca npn pe>KHMe O.HHHOHHI>IX wmonemw ox Bejw-iHHbi 
eAWHHMHOro MMny;ibca tarn AJIH KCCHOHa riOKasaiibi na PHC. 5 



cnwyioilfre: 0,05c/ü,95c; 0,lc/2,0c. HCIWTBHHH »POBOäMAH«. C naaaiom«M ^™""™ 

„mwuMKHiiMe oueiiHTb paröpoc WHiiH«inoro ininyjibca iipn puöore 3TAA Kl»R HU 

SKBMB^HTHOrO BpÖMeHH BKJlK)4eHMJi 

t-i JPKat 

r,ae PK - ÄBBneHMe ma Hö BXO,n,e B conno. 
KöK BHAHO m rpa4>HKOB, B npwenax norpeiuHOCTH iisMepeHwfl eAuHHHHbiiJ 

HMnyjiw Tflr« He aawcMT OT nopawoHorn HOMepa BKJIJOWHH». 

3„aHeHH, o^aaioro yAeflw«oro «jny^ca 3TA* K10K^"^™ 

HexoTOpMx Äpyrwx ra30B npuBcaeHM B Ta6a. 4 

Ta6a.4 
TeMneparypa HarpeBa ra3a 
nepefl,'CönJiQM 

450°C 
600°C 

H2 
4120 
4530 

yflejibHbiH HMnyjibc, H.o/Kr 
;CH4 

1900 
"2090 

NH3 
1600 
1760 

H20 
1600 
1760 1000 

flgpcnttKTMBM np»MeiiSHM 

CB^HS JSSS» OHS AB 0 KOHBepcHett paKexnoro Boopy^mi«, pwB.rn.eM PB,HKa 

fl H^KHe öpSMT« H MQJiM Macca KA B HaHfionbuieö creneHM OIOWCWIOT 
„cnon«OBaHÄ HX 6opxy »WOOKO^OCTHBH«» ^ope*™««* M^4.«-«„H 

3171 K|0 c HM3KMM 3HßpronoTpe6ncHneM. 

COBOKyOHOCTH MHOHte COTHH TeneKOMMyHHKaUMOHHWX MLJ. 

BABoe «JyMMapHMR MMnynbC Tarn rujoPe«KiWhHoö AV ii, cooTaeiCT» > 
<toiHftHöoBbie aaTpaTM Ha MoaepHiwamno KA. 

kpoMe xoro, c yaenHHeHHCM cpoKa «KTMBHOHO W*™^™ «*£lw    £ 

6ojiee »biroflHwM, TUK KSK B ooubmm^^  j •   n0   100   MC)   HMnyjibCOB   c r;r,xs ^ P=t ss Ä —^»* 



MT CHM^aercfl #o 60... 100 c, & TO BpeMa KaK xenJioaKKyMyjinpyKHUHe raiopeaKXMBHue 
IC10 Hü ijaoTC 6yA>'T HMCT«. D DTOM cjiynae yAeuiwiLifi uMiiyjibC 110...120 c. nosTOMy Ha 
6a3c 31% K10 npeAcraBjiflexcfl BCVJMOäHWM COWITH Ana KA c /yiHTejihHhiMH cpokaMH 
aKTHBHono cymec'iBonaHHfl rn6piiAHyio CHCxeiviy opucHTouiui ii cxuömiirtaiom, y 
KQTopoii na .wane nunan/mwi KA ABiiraxejiii paöoxaiox B HenpepwBHbix mm 
MMiiyjibciiwx pe)KHMax Ha rHApasnne c yAejibHbiMH HMiiyjibcaMii 150...200 c, a Ha 3xane 
mxaxHOfi 3KcnnyaTauHH - B peawMax OAHHO«JHMX BKJHO-JüHIIH Ha rase, 
H0no;ib3yk>meMCfl B cncxeMe aaAAyßa rMApa^HnoBbix GaKOB HJIH a KoppcKXHpyK>mnx H 
MppujeBbix ABHra'jexwrx KA. 

ITucneAHHÜ CJjyHaü 6yAex wwexb Mecxo npn iiciiojibaoBaHHH B cocxaBc fty KA 
SAeKTpoptaKTMBHWX AB'iraTCJiefi, paöorajouiHX nn icceiione HJIH na «pyriix 
rasooöpö'JHWx paöOHwx TCHax. B TaKux oSteAHHeHHwx ^y no«BJMiOTC8 BO3MO>KHOCXH 
cymecTBönHO vßejiHUHTb CAC KA 3a c«ier cHWücemiH räpaHxmlHbix 3anacoB pa6o«iero 
xejia. Eonwiii'iM npeiiMywecTBUM üG-b&AMHeHHUx j\y nBJisexcs TO, HTO B cnyHiic 
BbixoAa jM3 crpoH 3P$ KoppoKmin HAU ero CHCTöM 3JieKxponnxanM>i M ynpaßxieHH», 
aanac eiw> paöonero x&rra Mowex ßbixb Hciiojjb30BaH jxnn MaHeupou KA c nOMOUibio 
aBurareweH COC. 9xo HO3BOJIHT muiGonee HOJIHO ncnojib30Baxt ^yHKUtionajibHwe 
BCWMO>KH.OCTH KA B cooTBercTByjomnx aßapHHHbix curyamiax. 

3TMFA KIOP c nJiaBHbiM peryjiMpoBaiweM Tarn B AnaiunoHe 5,..50 MH 
npaKTHMffCKH He HMeK>T KOHKypenrOB B CHCTCMOX o5ecneiieHHH yaiobuü 
MHKporpWBHTauHH Ha öopxy OKC, KOrAa H3-3« orpamiHeHnii «a ypofceHb 
3Hepron<(>Tpe6jTeHHfl npHMeHCHHe AJI« 3THX uenefi 3Pßy oxaabiBaexcfl neB03MO>KHbiM, 

31"AÄ Kl OK Mojyr Cwrb MCiionMösaHbi H B cocraBe OCHOBHOH ß,V OKC A-na 
KOMneHCaUHH ee asipOAHBaMimeCKOro conpoxHBJieHHH. TaK, HanpiiMep, saMena 
TpaAHuiHOHHbix pe3ncTOpHbix 3?ft Ha mopeaimiBHbie ABuraxeim K10 Ha 6opxy 
nepcneKtHBHOH OKC "Freedom", am Koxopofi paapaöoxKy, H3roxoB.neHrte H nocxaBxy 
ftV ocytUecTBJiaeT <j>npMa Mc Donnell Douglas Space Systems, no3BOJin.ua 6bi Ha A>*a 
nnpHAKa coKpaTHTb saeKTpuiecKyio MomHOCxb, noxpc6jiHeMyio 3Pfl PM 
KöMneHcaUHM aapOAHHaMHHecKoro conpoxHBJieHK» OKC. llpnneM npH 
Hcnojib30BöHHH ra3O06pa3Hwx OXXOAOB CHCTöMW >KH3Heo6ccne'ieHH$i OKC H 

n&u&pHhtuMQJi MOMnonoiiTOD TpaiioHTiioro Kpnor«niioio TOriJTMfca, njiPAHaiHfiHftHHnro 
A4U1 KUCWHi'lCCKHA Cy*.vnpuo, upHMaHftHHB   TOnJlOQMMyuyflUpyjyiJlWU MOAH^HJCamJU K10 
ocoßeHHp 6jiHJViipMHiHö, TaK KHK BpeMH Ana HöKoruicHHH ra30o6pa3Horo pa6owero 
xejia Mo^eT 6WTB Hcnojib30BaHo H AJIH HanonJicHHji renna B TermoeoM aKKyMyjiaxope 
K10. 

CöoTBeTCXByjomne yfleJibHbie uMnyJibCbi Ha 3THX raaax npuBeAenw B Ta6ji. 4. 

Bi A^bHeüiueM npH peanwaauHH SKcneAHUHii noceuieHH» Mapca H JlyHw 
rB3opeai^THBHbie ABuraTejin K10 Moryr 6wTb Hcnoxib30BaHW AJI« puftorb« H& 

axMOC(J)eJpHOM CO2 (Mapc) mvi Hü rasax, nonyneHUbix m nynnwx nopoA- 

Bp Bcex yKa3aHHbix BBIUIö oSjiacxsx npwvieHeHHH rjiaBHbiMH iipcHMymecxBaMii 
raäOpeaKXHBHbix CHCXCM K10flBJi«K>TCfl: 

- BbicoKaa HaAeiKHOCTb, 6e30nacH0cxb H npocxoxa aKCiuiyaxamui; 

- ocBoeHHOCXb xexHonontH cepMÖHoro MjroTOBJieHHM H, KUK aneAcxBne, 

- HH3Ka« CTOHMOCXbJ 

- 3KOnorHMecKafl MMCTOT* H npaKTHMecKH HeorpaHMMeHHbiri cpox xpaHCHiia H 
4)yHKUHOHHpoBaHHJi B cocxaBe KA H KK c AJiHxejibHbiMH CAC ÖJiaroAapa 
nearpeccHBHi»cTH H XHMHliecKofi CTOöKOCTH HHepxnux rawR, wcnOJib3yeMWX B 

KanecxBe paöfonero xena; 



- BOJMCOKHOCTb nonyyCHH« MHHHMOAbHUX eflHHHHHUX UMIlyJlbCOI. Tan-i lipii   OTflHHHOfi 
MX     BocnpoH3BOflMMocTM  M yAwibHOM  MMnyjjbce,  ua  70... 100 % iipeBMiuawmeM 
yftewbHUH MMnyjibc "XOJIOAHWX" conen; 

- 3Hepronörpe6ncHHe, no 3aTpaTaM MOUIHOCTM He npcawiiiaiomee 3Hepi onorpeöjieHHe 
rMflpa3HHO»uxÄBHraTenefi,qycoC: 

«  BP3MO^OCTh  CO^aHM   06l>eÄMHeHHUX     C 3Pfl pCflKTHftHWX  CHCTCM     YrtpUBJieHH* 
KA,   irp   n03BonaeT  .ymecTBCHHO  ynpocTitrb     KOHcrpyKUHio,   CHH3HTI,   MBCCV   H 

CTOHMOCT\ fly, yeenHMHTh ee HJWOKHOCTI, M ycxou'iHaocn, a auupHÖHMx cHiyamwx. 

3AKüiÖHEHilE 

• 3KC\myUTaw* XCPftMT paspaüoiKu H mroToaTTemia OKB "*nKejin B 
cocTaBe KA T«wc\ wJly»i«, "AjibTanp", M Ap., noffroepAMJia 
Bt>3MO)KHOCTb HX SKCmiyaTauHH AO 10-12 Jier ua 6opry xocMimecKHx 
ftonapaxos. 3TK/J KflMO.l paspaöoncM OKE "<I>nKenH npouien 
K9WiH4)MKftUHio Hfi CAC 10,5 jiex B cocTaBQ KA SESAT H HMCCT 
BosjwoMCHOCTb 6biTb yBenn'iejjiiUM ÄO 15-20 J1CX. 

• OKB "OaKeji" co3flaH He HMMOIWHI OHftnoroa HOBbiii Knuw; 
OAHOKOMnoHeHiHbix P^MT Ten.noaKKVMyji»TopHoro nina, 

• AjKTya/ibHMMH sBJiaiOTCfl jipo6jieMw co3flaiinii iHApaaiiHOBbix M 

ra30peaKTHBHbix 3P/1, nnn nocrpoenH« HM3Koop6>ri'axu.iiux u 
reocTauHOHapHbix rpyniwpOBOjc HC3, ynpaB^eHna nwioTHpyeMMMH H 

HenHnoTHpyeMUMH KA H KC c HHSKHM ypoBHCM 3nepj onoxpe6jiemis H 
WiHTejibHbiMH CAC, um oöecneseHiiH ycioBufi MHKpoipaBHTtmnn Ha öopiy 
OÖHTaeMWX       Op6.OTajlbHblX       CTftHUHH       H       aSpOKOCMJMer.KHX       CHCTCM 
MHoroKpaTHoro  mnonbwmuHH.  CpoKH   aimiBnoro  (|jyHKunoHnpoBaHHH 
TaKHX KOM6HHHpOJ?.aHHbIX COC-]S...20jieX. 
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2 Optimizing Xenon EPS Performance V.N. Vinogradov, V.M. Murashko Experimental 
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Abstract 

The performance of microrocket engine K10 is discussed in this report. Said 
thruster was developed at FAKEL where electric thrusters covering thrust range from 
10-» up to ION have been or are being developed as well, intended for accurate attitude 
control and orbit maintenance functions of a spacecraft. 

Development of low thrust (several tenths or hundredth« of a Newton) liquid 
prppellant engines (LTLPE) is one of the most important task in the propulsion 
technology. FAKEL have been developing mono-prope.llant LTLPEs for more than 20 
years having successfully covered such thrust ran^e. These are commercial 
electrothcrmocatalytic thrusters K10, K50-10.1 and FakeMN, number noncatalytic 
monopropellant thrusters and also engines and smooth regulation of thrust. K10 was 
usod as a basis for development of a new class of monn-propellant LTLPE - remote 
gas- or liquid-propellant heat accumulating microrocket thrusters. Multiapplication 
LTLPE K10 is manufactured at FAKEL in three variants: hydrazine 
eiectrothermocatalytic thrusters, gas-propellant microgravily thrusters and gas- 
propellant heat accumulating thrusters. Gaseous propellant microrocket variants are 
designed for smooth thrust regulation within range 103... 10 * N that would help solving 
task of providing the microgravity conditions on board of space vehicles such as the 
Space Station MIR or the Space Shuttle. Development of a multiapplication thruster 
K10 ie a new step in FAKEL »strategy.1 

Application of the SPTs and the KlOs in small spacecraft's orbit transfer control 
subsystem would improve its efficiency.2 

The K10 Thruster 

FAKEL have been promoting the R&D work on thermocatalytic thrusters since 
1978, having put the scientific basis under the first national hydrazine LTLPE and the 
world's First serially produced thermocatalytic thruster with a metallic catalyst. 

Several operation process versions and respective design options in injector, 
catalyst pack Cable heater and other elements have been studied, most of which are now 
patented. 

The fundamental scientific problem was solved lying in highly accurate thrust 
maintenance with maximally effective limitation of thrust difference in a thruster pair 
operating in a spacecraft attitude control and station-keeping subsystem (ACS), 

Further improvement of accuracy, life and regulation parameters has advanced 
the domestic TCTs for ACS to a level over the best of similar foreign monopropellant 
LTLPT and has resulted In new generation TCT with advanced mass, power and 
dynamic characteristics and lifetime over 10 years or more. 

R&D on microrocket L tupe also produced a unique measurement and 
diagnostics setup reliably measuring and giving basis for forecasts regarding thrust, 
dynamics and power characteristics of TCT within thrust range 0...10-2 N, 0...10-1 N 



and 0...100N. DGU and NPO GIPH took part in development and application of 
unique thi*ust stands IT-3 and DIT-2 and the Design Bureau of the Gosmetr Factory - 
in development and application of quartz electronic device for simultaneous 
measurement of thrust, thrust vector, thrust difference und current mass. 

By ßOes almost every task of R&D on hydrazine microrocket engine with thrust 
of up to 1 N was successfully completed and the K10 was flown. 

The thermocatalytic hydrazine thruster K10 has been intensively flown due to its 
high operation reliability, repeatable performance over the entire operational lifetime 
which has been demonstrated by now as long as K years. The KlOs have been flown on 
board of national geostationary satellites of various application, such as KOSMOS, 
LUCH, GALS and EXPRf^S, GLONASS. Over 2000 KlOs have been ilown since that 
time some ofwhich are still operating. 

Fig.l TheKIOthruster. 

The improved K10 version is developed — eleclfothermocatalytio ihrusiw 
KS0-10. |. That thruster was qualified for an extended thrust range, its design is stronger 
and the heat losses are optimized. 

KlOandKSO-lO.l. 

The K10 is shown w Fig. I. 
Components of the K10 and the K 50-10.1 are shown in Fig. 2. 
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Fig. 2 Components of the K10 und the K50-10.1 

Characteristics of the K10 and the K50-1Ü. 1 

• The principal characteristics of the K10 are summarized in Table 1. 

Table I The K10 Characteristics 

Parameter Value 
Nominal thrust, N 0.1 
Specific impulse in steady state mode, N*sec/kg 2000...2100 
Nominal propcllant pressure at the thrustcr inlet, kPa 172 
Demonstrated operation life, h >160 
Operation reH bility 0.999 at confidence 

probability 0.8 
Parameter stability over lifetime 
Thfust reproducibility at the same inputs (piopellant <1.5 
temperature and pressure), % 
Repeatability of thrust bit at the same inputs, % <3 
Status Flight usage 

• The principal characteristics of the K50-10.1 are summarized in Table 2. 
Table 2. The K50-1O.1 Characteristics 

Parameter Value 
Thrust, mN 530-96 
Pröpellant inlet pressure, kPa 
Power consumption in heat stabilization mode, W 
Demonstrated operation life: 

Firings number pulse 
Piopellant used, kg 
Heater In stabilization mode, year 

853... 206 
5 

13*i<H 
20 
10 

Mass, kg 
Status 

0.07 
Commercial production 

The'K50-10.1 has completed the qualification and is being used in the 
international project SESAT. 



The KIPP fl?)d K)°K — a modifications of the. KJQ 

The K10P thruster is designed for maintaining microgravity conditions on board 
of manned space stations and support space vehicles and opernt.es in thrust range 10- 
\..10' N ftt power consumption 5-10 W. 

Thrust (T) of the K10P on gas propellant depends on options and is calculated 
using the following formula:: 

TfmN]=(6.60)*Pin [atuj,   , 

where Pin - gas pressure at the thruster inlet. 
Below 50 mN, the thrust can be continuously regulated by heating the gas with 

the standard electric heater both at the nozzle and the thruster inlet. Fig. 3 shows an 
example of regulation of twin-level modification of the Kl OP on nitrogen at constant 
inlet pressure 2.4* 10s Pa. 

■Sf ]TT J7T 

Fig. 3 K10P Regulation. 

Here "i" is number of regulation level, Tk - gas heating teinperat ure and Tin - 
gas temperature at the thruster Inlet. 

Operating with a noncondensing-gas in steady state mode, the specific impulse of 
both the K10P and the K10K is calculated using the following formula 

Kt 
JB|>*0.M8''J£■•■VTK (!) 

where Kt and Kf are thrust factor and flow rate constant respectively, both depending 
on the gas choice. 

For instance, the specific impulse with nitrogen is 
JspK2=40.9VfK,[N-sec/kg)J 

At costs of power of heating of gas in the chamber K10P and K10K from 3 up to 
8 W and microthrusts up to 50 MH specific impulse on nitrogen will make 900... 1100 
H.c/kgs. 



Experiments with the Kl OK have demonstrated that the specific impulse of the 
K10P and the KIOK operating on condensing gases is close to the level characteristic 
for the equilibrium How, In particular, on Xe, the KIOK demonstrated the specific 
impulse derived iföiftg the following expivaslun 

Jspxe = 36 + 0.025 (Oft    273),[ sec], 

Due to that, the specific impulse is higher by 30% at low temperature than if 
calculated by the formula (1). At temperature Tk~450°C, specific impulse of the K10 on 
Xe is 5% higher than calculated by the formula (1). 

However, notwithstanding that the specific impulses differ in more than two 
timns, rp.lntivn impulse, operating on Xe. or nitrogen fire close, to each other due, to much 
higher deikfcily of X«. Comparing the total impute» 3totwith total mass of vessel Mb 
and gas M.g which are thc^piincipal portion of a propulsion subsystem mass, it makes 
for nitrogen 

IN, = Joß/CM« + MNi) = 410;..450H.c/icr. 

and for Xe at the optimal vessel pressure 120-105 Pa 

JN2 = Jo6/(M6 + MXt.) = 390...430HC/KT 

From this point of view, some attention is deserved by the K1 OP propulsion 
subsystems on ammonia or water which can be stored as liquid. 

Descript ion of the KI OP. 

The principal difference of the suggested thermal thrust regulation from the 
conventional methods is that the thrust is regulated at the constant temperature at the 
thrust«- intake with no flow throttling, by only changing gas dynamics ut the constant 
flow rate through nozzle. 

The K10P design is actually nearly identical to the K10 design. The difference is 
in exchangeable injectors, which passage cross section is selected so that to provide the 
critical pressure drop. 

K10P Performance on Xe, nitrogen 
"Parameter Value 

Propellant Xe, Nj 
Thrust, mN -W0 
Heater lifetime, hour > 100000 
Power consumption, W 5-10 
Status             Qualification 

P.lenirothermal Heat Accumulating K10K Thrust^ ^J^alin^tJon of theKIO 

Experiments demonstrated that the K10 concept with catalytic decomposition of 
monopropellant can be used unchanged in an attitude control and station-keeping 
sübayiuaii of .ww. h«t Accumulating, type. The world's first heat accumulating thrur.w 
was built in 1993 at FAKEL on basis of the commercial K10 for usage in an integrated 
propulsion subsystem on Xe for the international space propulsion project TOPA£. 
The demonstration test £>that thrustcr revealed that it can operate on nearly any gas 
consuminfr-power at a level by one or two orders of value lower than conventional 
resistojet. 



Heai accumulating thru«* is the most efficient In spacecraft control PJ^J» 
which duster normally $r««l« In ...uü« will, I»,*, Pu « -J«'^^*^f '"* 
Imcecraft attitude control and station-keeping subsystems. In such cte iep acjng, a 
ffiÄlh . heated, heat ^«"»^^^d '«c^*yo^£ 

SÄfng .»««««% operate with he«™ -off", pu^eln. <h, » ^.ifi,. 
impulse as a cold nozzle. 

1« .bat accumulating mode with heater "on" (catalyst pack replaced with a 
M^ÄSS?0 modulation operate, In pulsed mode with hjatin* 
stami    ,        p .    i nrinor Snrh thrusters can operate using nearly any gas oi liquid 

component of rocket propcllant). 
Description of the K1 OK 

The Kl OK is pictured in Fig.4 

PMC. 4 The ETAT Kl OK 

,. valve; 2- feed lube; 3- flange; 4- propellant path connection; 5- electrical 

cable to pressure sensor; 7 - a module K1 OK. .     , ,. n 

The K10K consists of chamber, electric heater nozzle and vacuum insulation. 
Heat a«£g porous element is located inside the chambei. 

Kl OK Performance 

The principal characteristics of the ETAT K.10K arc summarized in Table 3 

Table 3. The princrpa. performance characteristics of the KI0K on hydrogen, 
ammonia and nitrogen   

Thrust,.mN "? 
Power consumption, W 
Thjrustl"' maps, kg 
Thrust cost, W/N 
Specific thruster mass, kg/N 
Useful capacity of heat 
accumulator, kJ 
jspeciflc impulse, sec 

100-1000 
7...15 

0.2...0.3 
10...14 

0.5 
up to 3.2 

Mass with single or two valves 

At the initial temperature up to 
600°C 
Depends on pulse width ratio 



Parameter Value Note 
on hydrogen 300... 500 

C>1700W/N) 
Thrust cost in 

on airimo!i;ti gas 100... 200 
(>700 W/N) 

brackets refers to conventional 

on nitrogen 60... 120 
(>600 W/N) 

resistojets in maximal specific 

on xenon 30, .50 impulse mode 
(>230 W/N) 

•   K lOKs are being purchased by leading US and European companies for 
performance evaluation and application in future projects. 

The K10K can be utilized at thrust over 50 mN. The K10K is especially efficient 
in single firing mode and in modes with large pulse width ratio. The respective curves of 
specific impulse in single firing mode vs. unit thrust impulse on Xe is shown in Fig. 5. 

Xsnon„ 

Fig. 5 The respective curves of specific impulse in single firing mode vs. unit thrust 
impulse on Xe 

Specific impulse on AS in pulsed mode, depending on pulse width ration and the 
thruster inletf&ressure is shown in Fig. 6. 



Fig. 6 Specific impulse of F.TAT KI OK in pulsed mode 

In non-steady state mode, specific impulse of the K10K is higher than in steady 

state mode. 
The KI OK thrust bit is determined by the dynamic parameters of its valve and at 

tbii>0.05 sec it is: 
J,[mN -sec) = (tinea + 0.0015/tbi.).(6. -60)* Pta [ata]. 

An experimental test has been accomplished with the: K10K in pulsed mode. 
Pulse wWth ratios were as follows (on time/off time): 0.05 sec/0 95 sec and 
0 lsec/10 Ic. Th. propeltant pressure was dropping with the chamber heater on o > oft 
(I „=S . .13 V). Number of firings in each mode was limned by minima propdfc"* feed 
pre su e ReP oducibility of a thrust bit was evaluated by the equ.wleni fi. ing time. 

t =— |PKdt 
* K I 

rae PK   :>as pressure at the nozzle inlet. 
IUprodueibillty of the thruti bit w« within measurement mor. The thrust tat 

does not depend on firing serial number. 
Bxpectod specific impulse of the K10K using some gases available on board of a 

space station is summarized In Table 4. 

T»6n. 2 
Gas 

temperature 
at the nozzle 

450°C 

600VC 

Bt 

Specific impulse, N-sec/kg 

CH4 NHa H2p_ 
4120      1900 

4530     2090 

1600 

1760 

1600 

1760 

COi. 
900 

1000 

FjjturjLAppJjcations 

Future modifications of the K10 are primarily associated with missile 
conversion! development of small spacecraft market, extension of spacecraft life, 



application of new space technologies requiring microgravity conditions on board of 
space station. 

Low orbits and low spacecraft mass stimulate using a highly efficient K10 with 
its low power consumption. 

Thus it is neressary to mean, that per the nearest years tens LEO-constellations 
will beSÄ^Ä * aggregate'many »™**» «ctocamn.unlc.ucn satelhte. 

Besides, «aiendin« spaeeu»n Me up to 15...20 andera,moe *« subsystems 
CM, mo« attractive at attitude con. ol and     *"2« p™P

ses. In ,uch mod« 
normally opera»>»-j-yg"~^ ^rÄwÄ.PacoumUlaUn6 KID on 
specific impulse of LTLP1 diopsaownwou. development of a hybrid 
.L-, wed« d««10p ^c^mpul    l«J»~£ ^-lir* ft ls 

The .at«, option is attractive In -»^^-^Ä «Äa«,S 
xenon or other p<«. Such tategr«t«d P'^'''™,^^'Jpr0pulsl«, Is that 
life by reducing propellent siorage A Bie*t «dva* « t ^ chronics 
out when en at^de «,mro eleeme P,oputao  » ^ wilh „,„„„„ ,„„,„,, 

£SsrÄS:üSyst«. Thatlonidlti.^ spacecraft features in . mos, efficent 
manne,' lit respective failure modes. 

unacceptable duo to power limitation. 

K10K can be utilized in primary propulsion to compensate for the aerodynamic 
drag. Replacing conventional resistojets with KlOs on the future space station Freedom 
propulsion for which is developed, manufactured and delivered by the Mc  Donnel 
Douglas Space Systems, would out the power consumed by the electee propulsion to 
compensate for drag by two orders of value. 

The respective specific impulses are discusses in Table 4. 

in missions to Mars and Moon, the K10 can operate on atmospheric CO, (on 
Mars) as P"nt or on gases produced from soil on the Moon. 

in" U Love applications, the principal advantages of the K10 are as follows. 

- High reliability, safety and simplicity; 
• - Mature technology; and, as a consequence, 

:££.. c— - « »-«**-* - °>°Mim ,ire on board of 
long-life spacecraft due to Inert propeUant; 



- Ability to produce minimal thrust bits at an excellent reproducibiiity and specific 
impulse 70... 100% higher than that of "cold" nozzle systems; 

- Power consumption at the level of attitude control and station-keeping hydrazine 
propulsion; 

- Capability of development of integrated propulsion subsystems with electric 
propulsion that would simplify design, save propulsion masts and cost and improve its 
reliability and failure resistance. 

Conclusion 

• Applications of the FAKEL's LTLPB on spacecraft GALS, LUCH, ALTAIR, 
GLONASS and others have, demonstrated its onboard life capability of up to 
10-12 years. The FAKEL's K50-10.I has been qualified for spacecraft SESAT 
with onboard life of 10.5 year and option to extend it up to 15-20 years. 

• FAKEL have developed a unique muki-propellant heat accumulating 
LTLPE. 

• Several tasks are envisioned, such as development of hydrazine and gas- 
electric propulsion for low orbit or geostationary satellite constellations, 
control of both manned and unmanned space vehicles with low power and 
long life, microgravity onboard of manned space station or reusable space 
vehicles. Operational life of such integrated propulsion subsystems would be 
15... 20 years. 
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£e<kpji! 

nPH «ocnwoBaTwiMKHx HcnuTaHiux CTauHOHapHoro njiasMejmoro ÄBHrarow M-35 

"tS?? HS Wei,0lie» nP°«eM0HCTPHP°B«™ wo paSorocnocoSnocxb npn MOUWOCWX or 150 
ÄO 350 BT. HanpHMep, npn Hanp*xei«iH paapaaa 200 B H xone paspwa 1 A xnra ÄBHrawMui 6una 
paBiia 1,35 re npn K.II.A. 36% (6e3 ynexa noiep* » »now H Kaxyimcax HaMaiwiHBaHH*). 
IlapaMwpw M-35, »epoarao, Moryr fiHTh ynynuieHM u C«KT JWMiaftmett mrniMHsaiunf 
MarHMTHOft OHCTOMU. fln» noBumeHHü 34>4>eKTHBaocTH ÄBHrarena npH xoicax paap^a MeHee 1 A 
HeooxoflHMa pa3pa6oTKa öojiee 3KOHOMHiHoro KaxoAa-KOMnencaxopa. 

OäHHM  ii3  ooDpeiMeiniUK  HanpaBjieifiift  PMBHBM  KöüMUHWJKOÄ  TOXHHKH  nuera 

Mmnumopiuaipu KA. CwT»W0T»eHHO. annapaxhi, nn« KOTOIW.™ Tpnfiyp™« icoppera.pomai 
npiwr, nni.WHh. fihiTh nmmfipmx ^xnnauun fly. rtaponoimmraiM w*i 3Toft uemi JIIWUUO,^ 

^y Ha 6a3e CITfl. flBHacHxena aroro wina «MOOT xopomne peryjiHpoBOHHwe xapaxrepHCTHKH 
BbicoKHH ynwibHuH  HMnyjibc H  K.n.fl.  Monroe™ 3HeprCTHiewuu ycranonoK  Monux  KA 
UipaUHWUH ypOHHOM B HCCKÖJI&KÖ COT Wt'n-, COO-i'BCTCraCHHO MMIoft ÄWUKH8 6bIXb MOlUHOCXb IlV 
u .T^mirnTann 

OKB "OaKeji" (r.KajiHHHHipafl, POCCHA) pa3pa6oTaji pan ABHraTejibHbix ycTaHOBOK 
(ffy) Ha 6a3e CTauHOHapHbix njra3MeHHbix ABHraTejieH (CT1JX) ÄJia KocMMHecKHX anna- 
paTOB (KA) paararaoro Ha3HaieHHH1,2. B HHX HcnojibSOBaH pa« CIIR: M50, M70 M 

Ml00 (uHcppbi o6o3Ha^raioT HapyacHbift AHaMeTp pa3pa,n;HOH KaMepbi), KOTOpBie nepe- 
KpblBaiOT flHana30H MOmHOCTW ox 0,3 flO 1,5 KBT. 

npH 3aflaHHOH MOUIHOCTH B03M03CHBI AB3 BapHaHTa OnTHMM3aUHH CUR pa3JIHHHOH 

MflKCHMOJIbHofi THI-H HJIH po6o'm C MOKOHMBJlbHO B03MOMU1MM yACJIbHblM HMnyjlbCOM H K.n.fl. B 
nepnoM rnywapi nppjtfnwrHTfiiieH mriKnunnbTHMft pewim c, pmjsawnm uanpsztteuueM OKOJIO 

160 B, an« KOToporo Heo6xoflHM yBejimeHHwtö pacxoA njiasMooöpasyiomero ra3a, a 
cne^oBaTejibHO oojibuiwß ero 3£inac. Ha BbicoKOBOjibTHOM poKHiwe c nanpa»eHneM pa3paA3 OKOHO 

300 B 3aMerao yMeHtmaiOTCH 3anacw paöoiero renn. 

Pa3pa6oTaHHbiö MOflyjib M35 nepeicpwBaeT flHana30H Momwocxefl OT 150 AO 350 BT. 

AnnapaTypa u laeromm npoa^eHaa HocneaoBaH»H 

Cnfl M-35 HMCJI Hapy»wwfi «iiaMeip AH3JieKipH4ccK0fi raiopaipflAHoft icaMepw (rPK) 
paBHbifi 35 MM, B ee myÖHHe 6bui pacnonojKeH aHOA-ra3opacnpeAeJiHxejib. MarHHTHaa cHcreMa 

OöflöpMflJlfl : IIHyipiSHHHJK»   il   HapyMHVHJ   KHtyilJIlM   Mi1M:irMI'14WKIIHHB,   A   T»K*E   HM|TpEKHInii   W 
napyjKHwft MarHHXHwe iiOJiioca, KöTöpue 6LUIH pacnojio>Kenu nQnmu cpeaa FPK. lIapy»HWö 
nojivsc M*r !«ßftMeiUÄW.wi B OOöDöM nanpoDjicmin no peaLöQ, TTO noanonoxio HUMIMTI. 

KOH(j)HrypauHK> MarctHTHoro nonn B FPK. J^BHraxexib Shin yKOMnjieKxoBaji AßyMa ruia3MenHbiMH 
KaxoAaMH-KOMneHcaxopaMK KH-5A. pacnojiOÄeHHbiMH c A«yx cropoa ox aHOAHoro 6noKa. 
OöinHö BHA Crm M-35 noK.a3an na puc.l. 



CxeMa 3JjeKTpomrraHM ÄMmnen* rooöpawena Ha pnc,2, r^e ycjiosHO noKaaaH OMH Karofl- 
KOMneHcaTop. Hawaii Karcyja ocywecTjuDwea OT iicxoHHHKa TOKB EHK. MomHoo» Haicajia miom 
6hwa OKOJJO 80 BT, a BpeM* HarpeBfl 160 c. II<WKHr paspwa B KaroAe npomxomn or 
pcryniipycM^ro HOTouHHKa HanpWHM En, Koxopwft xawKC HCIKHIWOWUICH AM noMepacainw 
flonoJiHine^bHoro pa3p»M" «a ncwKiirnoß wicmpoA Kaxo/itt-KOMneHca ropa. B neim iicroHmiKa En 
6WJI ycTBHoineH orpaHiWHBaioJUwl TOK peocraT Rl. fl/ix HMWwpovmw pa.npW B ABwraxene 
nanpaa<eHHe: En noflHUMajioct. «o 300 B, a 3OT<JM noHHKajiocfc, KaxyjiiKH umm-ammmm 6MJIH 

noflKinoneHw K anTOHoMHMM HCTOiniiKaM TOKa EKB H EKH. B nenn HCTOHHHKS nnramis paspaaa 
Ep 6M» ycTaHOBjite 4mnhTp, c<wep;«amHfi apoccejib L, pesucxop R2 n KOIWHCUTOP C, a xaioce 
6a.n^acTHoe IconpÖTHBjieHHe R3, napajmejitHo Koropowy 6hm noflKjnoqeH BtityuoHaxcjib T. B 
ncTOHHHK En Cwjjtf oovpoeuft TOKODOH samma, OTK/nomuoma« HCIOTHHK npif TftKS pa3pMtt poJiee 
3 A, 

M35 

Pi«p ? r.vfiMB anftKT»onHT«HHfl 



B äHOA H 0A»'H m KaxoAOB-KOivmeHcaTopoB pasAoibHo noAaBancur, peryjinpOBaAos H 

n3McpaJic« pacxoflKCCHOHa. 

licojieAOBfrois nponoAimiioi, ma creiiAe o AnnMerpoM BOKyyMHoft KaMCpw 0,9 M H AAHHOO 

pafwiero OTtiera 2,5 M. C)TKa»iKa BhTnoJiHfliinch flM<i>(i>y-W»,H'»,MH napnMacmtwMM« HacocaMii c 
oßmeä 6wcipOTOö OTKAHKH 20.000 JI/C no BCKwyxy. Hpn 4>yHKu,KOHiipouaHHH M 35 mnnevue B 

BaKy>'MHofi j<awepe CTBHA« HK iipvsBMiuajio 1,2*10" MM pr. or, B lioKHiHHiiHx BaKyyMMeTpa, 
nporpasyiipoBBHHoro no B03flyxy. Ciena MMen ycrpoftctBO A«a HSMepeiuw THIH ABiiraTejis B 

Aimnmoiie 0> 5 re. TTorpftTiinocTh raroMepa 6?.i.rro HA Ronae 2,5%. 

HoHHfrift TOK (li) ÄBiiraTöJW ii3MepHJica Ha KOJuiöKTöp 6ojibiMoro paiMepa, KOTopufi 6WJI 

pacno^oKCH: B nepeAHeft nonyc^epe. ABHraTexw, noreHiman KonneKTOpa 6hm Ha>Ke noTenmiajia 
KSTOfla. npHH3MepOHHHX KaTOA-KOMHeHCflTOp flOnOJlHHTeJIbHO nOflOrpt'-BUJICA. 

IIpM paSoxe flBuraTejw B nenn KomieHcaTopa C uuMepMJiacib nepeMCHwa« cocntH.)jHK>ma» 

xoKa pa3pHAfjt (~Ip). 

PeavjibTaTM nciibnaHufi M HX oGoyaoiemne 

ripn sanyCKe ABijraxenfl c npeABapiiwjibHO BKiuOTenHMMH mrmummM RKB H F,KH, KSK 

npaBiiJio, npOMCXOAHJio 3a3KHramie pa3p«Ä« » wrw noA>Kwra 6os BOMIIKHOBCHH*! OCHOBHOTO 

paipJipa B aHORHOM 6JIOKC 3TO OKaianocs cBjmnHMM c orpann .mum noABHHaiocTH SITOKTPOHOR 

B MarHHTHöi^ none, Koxopoc npenaxcxBOBajio JW npomiKHOBem ;0 B nonocTt TPK H pa3BHTioo xaM 
paspiwa. rioaxoMy npu BKJHOHeHHH ABuraxejw iicnoj!i,30BUJic« ajiropurM, Koxopwtt npeacraBJiaji 
coöoft ynpömeHHyjo nponcaypy, mno;*;eHnyio B naTeiiTe3. On sajoiKmancH B c;ieAyK>meM. npu 
pa30MKHyrOM BJ>iKjno<iaxene T, UOä8HHOM paexoae KceHOH» H Bbiwno'ienHMx HCTOWHKax EKB H 

EKH OT RbiioiHHKa EHK nporpoBajiCH Kaxoa. 3aTeM BiuiioyaxtHCb MCTOHHHKH En H Ep. Ilpii 
BO3HHKHOBCHHH ocHOBHoro paripwa. TOK Koxoporo 6MJI orpamweH conpoxnimeHneM R3, 
BKinouaJiHOt: HCTÖMHHKM EKB H EKH, a 3axeM saMMKajics BUKjnoqaTejib T M uuKmowmicb 

HCTOMHUKH EHK H En. TaKofi enocoö o6ecne*iHBaji BbicoKyw HaaexüiocTt aanyesa A»nraTe/i» M 

fan peannsOBBH DPQCTMMH TexHWiecKHMH cpe^CTBaMH. 

OnTHMMsauHH MarmiTHoro nomr Bbinonmwaci. ityrcM mummm BsaiiMHOro pacncwiojKCHHJi 
nomocoB H noAßopa coieTaHiw TOKOB B KaTyuiKax, npu Korop&ix VOK pajpswa (Ip) AOCTHrw 
MMHHMyMa, npH paCnOJIOHCeHH»,nOjnOCOB B OflHOfl IUIOCKOCTH UHpHfia HOHCKOB M3HOCÖ CTeHOK 
TPK 6bma Sojifciüe Ha BHjnpeHHefi cxeHKe. IIpn cMemeHun HapyacHOro nojnoca B cropony aHoaa 
lunpHHa noaoKoj|}H3HOca BwpoBHa^acb, HTO aaeT npe«nocbmKH K AocTaxouno BweoKOMy pecypcy 

aHOAHOioönoKa. 

npu ipex ypOBHflX HanpjiÄSHHfl paapafla (Up) 6buio nony^OHO HecKö/ibKO POKHMOB c 
OnTMMH3Hp(>BaHHblMH TOK3MM HaMarHHHHBaHHS. B KaTOfl HOAftBajlCH paCXOA OKOJIO 0,2 MI'/C H OH 
AonojJHHTejibHO noAorpcBanc» TOKOM paspHAa B itfiw noA^wra 0,5 A npu 1.0<Ip<1.2 A H TOKOM 

0.75 A npn Ip<1.0 A. PesyAhTatM H3MepeHHft w HX o6pa6oxKa CBeAewti B TaGnimy. 



OcHOBHbie napaMerpu apuraivm M-35 

Up, 

B >  

Np, 

BT 

Nn, 

Bi 

F, 

rc A 

Ii/ip, 

% 
On, 

Ml/C % 
Kflflju, 

% 

iao 

c 

Jm, 

c 
160 C;87 139 15 0.93 0,54 62.07 0.97 30.8 23.1 959 795 
160 1,01 162 12 1.05 0.62 61,39 1.11 29.6 23.3 946 802 
160 w 210 0 1.34 0.79 60.3 J 1.33 31.0 26.9 1008 876 

909 
160 151 242 0  J 1.55 0.9.1 60,26 1.50 31.7 28,0 1030 
200 0.83 166 15 1JJ 0.58 69.28 0.92 38.8 29.2 1207 991 
200 1.PI 202 12 1.35 0.70 69,31 1.20 36.2 29.3 1125 964 
200 1.28 256 0 1.57 0,8! 63.28 1.32 34.9 30.3 1186 1030 
200 1.50 300 0 1,92 0.99 66,00 1.52 38,8 34.3 1262 1115 

300 0.84 252 15 1.40 0,54 63.69 0.90 41.7 32,2 1558 1275 

300 1.J7 351 12 1.97 0..75 63,68 1.18 45,2 37.4 1672 1429 

300 w 453 0 2.59 1..03 68.21 1.46 48,6 42.8 1771 j 1557 

Kpo^e yxaiaHHbix BMiue cGommsmti, B Ta&ume KcnojjwoBaHbi atcAyiorone: 

Np i MouwocTb pa3pj9Aa; Nn - MOIAHOCTI. AonojiHuxenbHoro paapaAa u uprm noA^ura; F - 
xara; Ga i iaHOflHwfi pacxoA; Kn#a - K.n.fl. 6e3 y*ieTa KaroAnoro pacxo^a, norept B KaxyuiKax 
mmnnmwmM M Nn; KI1#M - K.n.A- c yneTOM Nn H Kaio^Horo pacxoaa, no 6es yieTa noTepb 
KßtyuiKax; Ja - yaejibHwfi mmyjiw 6ea yieTa KaxoAHoro pacxoAa, a JM - o yyexoM nocacAHcro. 

ripi? pueHKe HHTerpajw,Hbjx napaMexpoB noTcpn u KftxyiuKax HaMarroroiBaHH* He 
yuiTbiaannct, raK KBK MarnnTHa» cwcTeMa M-35 tpe6yer AaabHoftuieH omxiMH3auHH. 

H3 irpeACTaBAeHHMX AaHUbrx BHAHO, 4XO Abwaren M-35 wopMajitno 4>yjHKunOHHpyex B 

iiiHpoKHx ananaioHax paspaAHbix HanpaHceHuft H TOKOB. Y Hero OKa3auiacb AocTaTOMHo Bticoxaa 
cToncHb noHHsaypHH KccHOHa jsi upHe-MJieMoe oraouueHiie HOHHOIO xojca K Toxy pa3paaa (li/Ip). 
rioKaaawx. wo d^^eKTMBHOCTb ABHraTea« cymecTBCHHO yxyAUiaexca 3a CHCI napaMexpoB KaroAa 
KH-5A, KOTopoMy HCOSXOAHM pacxoA, coimiepHMbifi c noAaBaeMWM B aHOAHbifi 6JIOK, H 

AonoJiHHTfcNMiMÄ noAorpe» npn Ip<l ,2 A. rioaxoMy w* Cl'm Mawfi MOJAHOCTH Tpe6yexca KaxoA- 
KOMneHcaiop c paöOMHM TOKOM 0,5-1,5 A M KSTOAHMM pacxoAOM ne Gojtee 0,1 uric. 

}\nn npouepKH BJIMHMHH roxa B KaxyuiKax. HaMarHHiHBaHua Ha napaMexpw 6wa «poBeAöH 
3KCnepHM4HT, B KOtopOM lcaxyiuKH 6MJIH coeAHHeHw nocaeAoaaTeatHo. noayneHHwe npw 3XOM 

aaBHCHMopTH Ip, Ii, F, ~Ip H Kn#a or TOKa B KaTyuixax (Ik) noKa^aHw Ha pnc.3. KBK cJieAyer m 
rpa<J>HKü, ;BO Beeiw AH8ns30He peryjiHpoBBiHHa xoica HaMarHiimraanii» HOHHMH XOK H xara 
ABHraTea» now« ne mmmnmb. Jlpn yMenbiueHHH Ik poc XOK paspaAa, HTO cBa3ano c 
BojpacTaHHCM AOJiH 3JieKxpoHHoro TOKa H KoneÖaHHH xoKa pa3p«aa (~Ip). npw TOKe Ik 6ojiee 2,5 
A K.n.A-11 AooTiiraa MaKCHManbHoro 3HaHenHfl, a Bee yKa3aHHwe »wme napaMexpw 
cxaÖHjjwjMpouajiMCJ.. OAHaxo, npM xaxoM xoxe HaMarHUMHtsaHHa nponcxoAUJi neperpeB KaxyureK, 
no^TOMy HB KaacAOM onTHMH3HpoB8HHOM psMCHMe (BKjnoMSff npjjBeAeHHbic B xaöji.) ABHraxeab 
paÖoxaji HO Sojiec 5 MHHyx. 
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PMC 3. BnnflHiie TOK« B KaTyujKax Ha napaiwöTpbt ripn 
Up*200 B, Ga=0,97 Mf/c 

IJl>*   CHHTHH   BOJlbT-ftMliepHOfi   xapHKrepKCTHKH   TDK   B   xaryiUKÄX   HaMarHH4HBaHH» 

nOAnepWwwi™ pa»»UM '»75 A' HTO »CKnK>,»aJI0 11X neperpei». SaBHCHMOcxb WHOBHWX 
nanaMCTlDOB oT-paapJWHoro nanpflweHMH npu HOCTOHHHOM pacxewe B UHOä (Ua-ü.J& Mr/g 
noKaaaHft Ha pnc.4 Bwxow «OHHoro TOKa Ha Hacbiwenue iipM Up>J4t) B cBMÄerenbCTOyer o 
ÄOCTHTOUHO   sdMbeKTMBHOft ^OHHSaUMH   KCCHOHU   B   pa3pHAHOfi   KaMepe.   HeKOTOpWH   pOCT 
paapjyiHdro TOKa npn Up>200 B CBaaaH c ysenHMeHHeM 3JieKTpoHHoro xoica, Koropuw 
Moier 6km, iweHbiueH nyxew onraMiKaiWH MarHHXHoro n«i«.H3 pnc.4 BHAHO, MTO M-35 
MoaceT p46oTa'Tb B uinpoKOM Anana30iie paspaAHMX Hanp^Kemut. 
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SatoiioieHne 

B xo#e npoBCflcHHwx JiccoeAOBamifi npo^eMOHCipiipoBaHa paÖorocuocoßHocTb ABurareju» 
M-35 B IUHpOKOM M&WiOHQ pa3p«ÄHNX HanpaJKeHHfi H TOKOB C npHOMJieMWM ypOBHeM K.n.fl. 
3<l>([ieKTHBH0GTb  flBiirflTejiff  MOMcer 6wTb   noauuieHa  2a  C»T  flanuieiiiiieft  ormiMHsauHH 
MflrHHTHyp  PHOTeMM,  8 TBKÄS  HCnOflWOBaHMfl  fiOJiüü  .'HCOHOMHIHOro  KaTOflft-KOMneHCaTOpa c 
paÖOHHMH TOKaMH 0,5-1,5 A H KaTOAHfciM pacxoAOM we 6o;iee 0,1 MIVC, 
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ero HcnuTaHH« Ha HC3 «MeTeop» // KocMH^ecKne HccjieAOBa™«, T.XII, BMII.3, 1974 
2. Development and Application of Electric Propulsion Thrusteis in Russia A.Bober, A. 

Maslennikov, M.Day, G.Popov, Yu. Rylov//#IBPC-93-001 

3.IlaTeHT PocciiöcKoü Oeaepaniin N2025056, H05H 1/54, F03H 1/00 OT 28.07.92, 
(A.H.HecrepeHKo H A.H.KopÄKiiH. CHCTöMä MeKTponnraHtfH ycK0pnie;w c 3aMKHyTHM Apeiit|)OM 
SWKTpOHOB H npOTflweHHOü 30HOÜI ycKopemm). 
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AJmilMX 

The Stationary Plasma Thmster M35 has operated on Xe at J50...350 W during investi- 
gation test, For instance, it produced thrust of 1,35 g at 200 V discharge voltage and 1 A dis- 
cbarge current while demonstrating 36% efficiency (without the cathode and bias coil losses). 
M35 performance may be enhanced by optimizing its magnetic subsystem, An economical cath- 
ode is needed to improve the thruster efficiency at a discharge current below 1 A. 

lutlfidiüijon 

Spacecraft downsizing is one of modern trends in space technology. That means that 
spacecraft Which needs orbit maintenance should be provided with an efficient propulsionsubsys- 
tem SPT pTopuision subsystem is a promising one for such task. Such thn»u» are cffcct.vehy 
regulated and otter high quuilH; imjh.1» and eWriwwy. Onboard power of smnll npsicficraft 18 UIV 
clcr several hundred Watts that delimits power of propulsion respectively. 

FAKEL (Kaliningrad, Russia) have developed a line of propulsion subsystems (PS) using 
the Stationary Plasma Tbrusters (SPT) for various application spacecraft (s/c). 11, 2J lhc bi i 
line M50, M70 and M100 (figures mean the outside diameter of the discharge chamber) cove.s 

power range 0.3... 1.5 kW. 
At a specific power level, Avo SPT optimization options are possible, generation of maxi- 

mal thrust or developing «i™1 possible specific impulse and efficiency. Low discharge voltage 
60 V) mode is jlieferfed in the first option which needs higher gas flow «,te and, consequently, 

more storage capability. In high discharge voltage mode (300 V). less propellam » needed. 

The M35 covers power range 150.,. 3 50 W. 

^UüjjmalLfilldjimßfidiims 

SPT 1V13S has 35 mm outside diameter of the dielectric discharge chamber (DC) in which 
the eas distributor anode is located. The magnetic subsystem comprises inner and outer bias co, s 
inegasuiMiuJU".! »• ,«, ti„ nf odea The outer po ft ran be. moved a>0- 
and inner and outer magnetic poles loe«u=d •«*« the ?<-°dgo-   ""rLJ orovided 
allv on a thread changing the configuration of magnetic field in the DC. The ih. uster was providea 
w^ two plasma neuvraL cathode KN-5A positioned on both rides of thr «node »«»nMy. The 
SPT M35 is shown in Fig. 1 



Fig 1 

The thruster power schematic is pictured in Fig, 2 where single ncutralizer cathode is as- 
sumed The cai'iode heater was powered by the Eh power supply. The cathode heater power was 
about 80 W and the healing time was 160 sec. Discharge in the cathode was ignited using the 
regulated voltage source Ei which was used to maintain a» extra discharge in the ncutralizer cath- 
ode ignitor as well. Current limiting rheostat Rl was used in the Ei supply. Ei voltage was raised 
to 300 V level for igniting discharge in the thruster and then dropped. The bias coils were con- 
nected tn the independent current sources Eim and Eom. The discharge power supply Ed com- 
prised a filter consisting of the choke L, the resistor R2, the capacitor C and the ballast resistor 
R3 in parallel to which the switch T is connected. The Ei source has current protection turning the 
source off when the current exceeds 3 A level. 

L-_- 
Flfl.2. Electrical Schematic Diagram 



Xe flow was separately opened, regulated and measured in the anode and one of the neu- 

tralize!' cathodes. 
The test facility comprised a vacuum tank having 0.9 m in diameter and 2.5 m in length. 

Diffusion oil vapor pumps provided 20'ÜOO 1/sec pumping speed (by air). While the M3 5 operated, 
pressure inside the tank stayed below 1.2*10-4 mm Hg on the vacuummeter calibrated by an. The 
facility was equipped with thrust stand for measurement in mnge 0...5 g. Its error was no morn 
thttn 2.5%. 

The thruster ion current li was measured using a big collector located in the hemisphere in 
front of the thruster. The collector potential was lower than the cathode potential. The neutrahzer 
cathode had extra heater. 

Variable component of the discharge current (~ld) was measured during the thruster op- 
eration in the C capacitor loop. 

Tesi_rjgsult discussion 

As a rule, during the thruster startup with the supplies Eim and Eom turned on before- 
hand discharge in the ignitor loop ignited with no discharge in the anode assembly. That was 
connected with limited electron motion in the magnetic field which prevented them from entering 
the BC and developing the discharge there, Hence, a simplified procedure provided in the Patent 
f31 was utilized for the thruster startup. Jt consisted of the following. With the switch 1 open Xc 
flow open and the power supplies Eim and Eom turned on, the. power supply Eh was used to heat 
up the cathode. Then, the power supplies Ei and Ed were turned on. When the. main discharge ig- 
nited with the current limited by the R3 the supplies Eim and Eom turned on, the switch T dosed, 
and the supplies Eh and Ei turned off. Such method provided a reliable startup using s.mple tech- 

nical means. 
Magnetic field was optimized by varying the poles' position in respect of each other and 

selecting the coil current level at which the discharge current (Id) was minimal. With the poles lo- 
cated in the same plane, the wear traces on the DC walls were wider on the .mide wall. With the 
outer pole moved towards the anode the trace width was distributed more, evenly promising 
higher life of the anode assembly. 

Several modes with optimized bias current were found at three levels of the discharge 
voltage (Ud). Propellant was fed into the cathode at a rate of 0.2 «gfec; in add.uon ^cathode 
was heated by the discharge current, flowing through the .gmtor loop, of 0.5 A at 1.0<kM ,2 A 

Table I, The principal pttranictm of the thruster M35  

Vi^AM^^^ Q.-B"« E™^*' ™*£™>'+"* ***** 

TES=»r_ir___j____^^ 
ilriir_i___<E^^ ^nltM=±^^m=^==l^—-¥, -S-^ 

Ö~-U7   (UT 63.28 1,32 1_ ____J__L 
"MO     1.50     300        0       1.9*   0.99__________ 3fS gf--^M""^? 

100     0.84      17>1        i?      i-1»__mi__:—ZZm ^^~— rrr—~- _T_ \f.V)      1429 

^r-lJT~n^0      -.39   L03    6__ l_i____J_l «■?. 



or 0.75 A at Id<l .0 A. The measured values arc summarized in the Table 1. 

Besides the abbreviations uw-d above, the fulluwiiiy are used In the Table 1: 

Nd - discharge power; Ni - power of an extra discharge in the igniter loop; F - thrust; 
Ga - anode flow rate; EfTic-cya - efficiency without cathode flow rale, Ni and bias coil losses; 
Efflc-eym - efficiency with Ni atw cathode flow rate yet without bias coil losses; Ja and Jm - spe- 
cific impulse without or with cathode flow rate, respectively. 

The bias coil losses were mot taken into account evaluating the overall performance as the 
magnetic subsystem of the M35 needs further optimization. 

The data presented indicalr, (hut ihe M35 operates normally over a wide range of tho dis- 
charge current and voltage. It lifts A high uV^iec vCXv iuiiiztiliun and an acceptable Ion current to 
discharge current ratio (li/id). It was demonstrated that the thruster effectiveness is severely af- 
feotfcd by the «alhüdtf KN-5A which requires a flow rate comparable to that of the anode and an 
extra heating at ld<1.2 A. The low power SPT will need a neutralizer cathode with the operation 
current 0.5... 1.5 A and flow rate no more than 0.1 mg/sec. 

To estimate effect of the bias current on performance experiment was done with coils 
con.noctfid in series Curves Id, li, F, -Id and Effieoya vs. coil current (Ic) arc shown in Fig. 3, 
The chart indicates that the ion current and the thrust remained unchanged over the entire bias 
current regulation range. The discharge current increased with decreasing Ik that is connected 
with more electron current share and the discharge current oscillation (-Id) At the current Ik over 
2,5 A, the efficiency reached its maximum and all above parameters stabilized. However, coils 
overheated at such bias current level, so the thruster had never operated more than 5 min in each 
optimized mode (including those mentioned in the Table I). 

Ic, A 
FIflure 3. Thruster Performance vs, Coils Current 

Ud*200 V, Fe-0,07 mg/s 

While taking the volFampere curve, the bias current was maintained at a level of 1.75 A 
that prevented from overheating the coils. The principal parameters vs. the discharge voltage 



curve at the constant anode flow rate (Ga=0.96 mg/sec) is shown in Fig. 4, The ion current was 
saturated at Ud>140V, that demonstrates an effective ionization in the discharge chamber. Some 
discharge current ravnp-up at Ud>200 V occurred due to more electron currem which can be di- 
minished by optimizing the magnetic field. Fig. 4 indicates that the M35 can operate over a wide 
range of discharge voltage. 
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Ud.B 

Flgure.4 Thruster Performance vs. Discharge Voltage 

ConeSusiflo 

The study has demonstrated the operation of the thruster M35 over a wide range of dis- 
charge voltage and current at an acceptable efficiency level. The thruster effectiveness can be im- 
proved by further optimizing the magnetic subsystem and using more economical neutralist' 
cathode with operation current 0.5  .1.5 A and flow rate no more than 0.1 mg/sec. 
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The NASA SBIR Micro Gas Rheostat Program for Xenon Flow Control 

Author: Charles Mulford, Co-Author: Rich Kelly 
Marotta Scientific Controls, Inc. 
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Marotta Scientific Controls, Inc., (MSCI) continues development of 
Micro Gas Rheostat (MGR) under the NASA Small Business Innovative 
Research (SBIR) Program. The SBIR topic requested advancements in pro- 
pulsion technology. 

MSCI investigated, designed and produced a miniature Xenon Flow 
Control device, MGR, which utilizes MEMS micromachining technology, 
and a low power electronics to drive the devices. MSCI designed built and 
tested the MGR performance which throttles Xenon Flow to 3:1 turndown. 

The results and test data collected during Phase 2 of the SBIR program 
is presented which demonstrates the desired performance. MSCI provides 
verification of operation over the pressure and temperature range. 

C. Mulford 



HccjieAOBaHHH no CHHJKCHHIO ypoBHH 3arpH3HHiomnx Bbi6pocoB 5KP^MT 
H pa3pa6oTKe ajieicrpoflyroBMX flBHraTejiefi Majiofi MomHOCTn" 

C. IlaBnoB, K). HBaHOB, A. KJIHMCHKO, A. KonaHOB, T. CaBeiibeB, M. CaippoHOB 
U,eHTp KejiAtnna 

125438 r. MocKBa, yji. OHeaccKaa, 8 
OaKc: (095) 456 8228 

PefoepaT 

IlpeACTaBjieHBi pe3yjn>TaTbi HCCJiejjOBaHHH no CHHacennio ypoBHa   3arpa3HaK>mHX 
Btl6pOCOB flByXKOMnOHeHTHBIX 5KP/1MT, B TOM HHCJie BXOflamHX B COCTaB ABHraTeJIBHBIX 
ycTaHOBOK flOJiroBpeMeHHHX op6HTajifcHBix CTaHnHH, H pe3yjiBTaTBi paöoT no co3,n;aHHK) 
3JieKTpoflyroBBix flBHraTejien Majioii MOIUBOCTH. 

IIpHBefleH aHajiH3 pe3yjibTaTOB sKcnepHMeHTanbHbrx HCCJieflOBaHHii sKOJiorHnecKHX 
xapaKTepHCTHK pa3JinHHBix ^CPflMT, npe/rycMaTpHBaioiHHX onpe/jejieHHe KOJiH^ecTBa 
BBi6pocoB KOHfleHcnpoBaHHOH <J)a3bi H3 conjia flBHraTejia npn HMnyjibCHoft pa6oTe Ha 
TonjiHBax a30THtiH TeTpOKCH« (AT) H HecHMMeTpHMHBin flHMeTHJirHÄpa3HH (H^MF), AT 
H rimpa3HH H onpe^ejieHbi HeKOTopbie MeponpHaraa, KOTopBie MoryT cnocoöcTBOBaTb 

CHH^ceHHK) ypoBHa 3arpa3HaK>:mHx BbiöpocoB. 
ITpe/jcTaBJieHbi pe3yjibTaTti KOMnjieKca nccJie/jOBaHHH no co3flaHHio 

ajieKxpoflyroBoro «BHraTejia (3JJJX) MonjHocTbio OKOJIO 1 KBT Ha rHflpa3HHe. 
OnpeAexreiibi    o6nacTH pannoHajitHoro npHMeHeHHa TaKHx flBHraTejien, pa3pa6oTaHti 
KOHCTpyKTHBHbie     peineHHa     OCHOBHBIX     SJieMeHTOB     H     y3JI0B     3JJJX-     npHBefleHbi 
3KcnepHMeHTajTbHO onpeaeneHHbie ocnoBHbie xapaKrepncTHKH o6pa3HOB 3J\J\ H «aHa 
oneHKa flocTHacHMoro ypoBHa xapaxxepHCTHK TaKHx «BHraTejieH. 

3KcnepHMeHTajibHMe HccjieaoBaHHH no cHHMceHHio VPOBH« 3arpa3HHiomHX 
BbiSpocoB jEiyxKOMnoHenTHbix 2KPHMT. 

YBejiHHeHHe cpOKOB aKTHBHoro cymecTBOBaHna KOCMHHCCKHX annapaTOB (KA) n 
pa3pa6oxKa MOK/iyHapczrHbix KOCMHHecKHX CTaHHHH (MKC) BbiaBHJiH npoöjieisiy 
3arpa3HeHna sjieMeHTOB noBepxHOCTH KA H MKC npo/jyicraMH cropaHHa «BHraTejiefi 

ynpaBJienna. 
B CBa3H c 3THM B IJeHTpe Kea^binia BbinojiHeH 3HaHHTejibHbiH oSbeM 

3KcnepHMeHTajibHbix HccjieAOBaHHH, nenbio KOTopbix aBJiajiocb onpeaeaeHne 
KOJiHHecTBeHHbix xapaKTepncTHK Bbi6pocoB 3arpa3iiaiomHx BemecTB, ycTaHOBJieHHa 
BJinaHHa pa3JiHHHbi>; (paKTOpoB Ha sKOjiornnecKHe xapaKrepncTHKH )KP,HMT H noncK 
MeponpnaTHH no yMeHbinemno STHX Bbi6pocoB. Bcero c STOH nejibio Ha CTeewax U.eHTpa 
Keji^binia npoBe^eHO OKOJIO 100 HcnbrranHH cepHHHbix ^KPßMT pa3pa6oTKH KBxHMMaui 
H HHHMam H 3KcnepHMeHTanbHbrx ^BHraTejien pa3pa6oTKH LJeHTpa Kenßbirna. 

3TH HccneflOBaHHa «aioT ocHOBaitHa npe^nojiaraTb, HTO MeponpHaraaMH, KOTopbie 
MoryT cnoco6cTBOBaTb CHnaceHHio ypoBHa 3arpa3HaK»ni;HX BbiSpocoB ^P^MT, aBnaioTca: 

1. IToBbinieHHe nojiHOTbi cropaHHa TonjiHBa, B TOM HHCJie 3a CHCT: 

- BHeflpeHiia Kanep cropaHHa H3 >KaponpoHHbix MaTepnajioB; 
- coBepmeHCTBOBaHHa cxeM cMeceo6pa30BaHHa. 

C. TlaBJiOB, K). HBaHOB 



2. IToBBiineHHe   flHHaMEraecKHx   xapaicrepHCTHK   )KPrZIMT   H   cooTBeTCTByromee 
coKpam;eHHe BpeMeHH nepexo^Htix nponeccoB. 

3. OnTHMraanna      nocjieaoBaTeji&HOCTH   cpa6aTBiBanHa   TOIIJIHBHHX   KjianaHOB 
AByxKOMnoHeHTHBix )KPfl,MT. 

4. 3aMeHa urraTHoro ropionero HflMT na ToruiHBa c MCHBHIHM co#ep>KaHHeM 
yrjiepo^a (MOHOMeTHJirH,apa3HH, nmpa3HH). 

5. riepexo^ Ha SKOJiorHnecKH HHCTBie TonjiHBa (KHCJiopoÄ-Bo^opoA, KHCJiopo^;- 
MeTaH H pp.). 

HanGonee npneMJieMBiMH i« BBimenepeHHCJieHHBix cnocoöaMH ynpaßjieHHa STHMH 

IipOUeccaMH, KOTOptie He CBa3aHBI C KaKHMH-JIHÖO CymeCTBeHHBIMH KOHCTpyKTHBHBIMH 
H3ivreHeHHHMH ÄBHraTejia, HBJiaiOTca coKpam,eHHe npo,aoji>KHTejiBHOCTH npoTeKaHH» 
nepexojxHBix npoueccoB nyTeM noBBiineHHa ßHHaMHKH OTKPLITH» H 3aicpBiTHa KjianaHOB H 

onTHMH3aHHa nocjießOBaTejibHOCTH OTKpBrraa H 3aKpBrraa KjianaHOB OKHCJiHxejia H 

ropioHero npn BKJHOHCHHH H BBIKJIIOHCHHH ßBHrarejieH #Jia yjrynnieHHa ycnoBHä 
cropaHHa TonjiHBa. 

yjiy^nieHHe .mmaMHKH KjianaHOB MO>KeT 6BITB ßoerarayTO, HanpHMep, BHejxpeHHeM 
ycKopaioinnx ajieicrpHHecKHx cxeM BKjnoneHHa KjianaHOB c no^anen noB&ruieHHoro 
Hanpa^KeHHa npn BKjnoneiiHH «BHraTejia c nocjiejiyioinHM nepexo/jOM Ha HOMHHajitHoe 
Hanpa^ceHHe, oöecnennBaioiHee yaep)KaHHe KJianana B OTKPBITOM COCTO3HHH #0 no/jann 
KOMaHflBI Ha BLIKJIIOHeHHe. 

BTopoft cnocoö MoaccT ÖBITB peanH30BaH nyTeM noßann sjieiapHHecKHX KOMaHfl OT 

CHCTeMBi ynpaßjieHHa na KJianaHti ^BHraTeaa c Heo6xo,n,HMtiM paccoraacoBaHHeM, 
o6ecneHHBaK)inHM HaHJiynniHe 3KOJiorHHecKHe xapaKrepncTHKH. 

3aflaneH JiaHH&ix HCCJieAOBaHHH aBJiajiacB 3KcnepnMeHTajiBHaa npoßepKa 
sfJxJieKTHBHOCTH HeKOTopBix H3 3THX MeponpnaTHH, B MacTHOCTH paccorjiacoßaHHa 
cpaöaTBiBaHHa KjianaHOB OKHCJinrejia H ropronero npn BKJIKDHCHHH H BBiKjiiOHeHHH 
2KP/TMT H 3aMeHBi ropionero H^MF Ha rn«pa3HH. 

HcnBiTaHHa npoBOJiHJiHCB Ha naTH BapnaHTax jxBHraTejiefi, Tpn H3 KOTopBix 
aßjiajmcfc    cepHÖHBiMH    (HOMHHanBHOH    TaroÄ    25,     100    n     129    H)    H    ppa 
SKCnepHMeHTaJIBHBIMH (HOMHHaJIBHOH TaroÄ 10 H 10 H). 

HcnojiB3yeMBie TonjiHBHBie KOMno3HUHH - TonjiHBa Ha ocnoBe a30THoro TeTpoiccHJxa 
(AT) c ropiOHHMH HflMr H rH,npa3HH. 

MeTO^HKa onpejxejieHHa SKoaornnecKHX xapaicrepHCTHK Bbixjiona )KP,nMT 
3aKjnonaaacB B Heiiocpe/jCTBeHHOM H3MepenHH MaccBi KOHßeHCHpoBaHHoö 4>a3Bi OT 

BBixjiomiBix rasoB flBHrarejia,    KOTopaa    HaKanjiHBajiacB    B    cnenHaji&HBix 
npo6ooT6opHHKax H KOTopaa B ^ocTaTOHnofl cTeneHH xapaKTepH3yeT ypoßeHb 
3arpa3HCHHocTH BBrxjionHoro 4>aKejia. 

^BHraTeaB pacnojiaranca B 6apoKaMepe BepTHKajiBHO conaoM BHH3. CnenHajiBHBift 
npo6ooT6opHHK, npe^CTaBjiaioHiiHH co6oü KOHyc H3 HepHaßeromeö fyonhTm, c .zniaMeTpoM 
ocHOBaHHa 80 HJIH 120 MM (pnc.l), 6BIJI noMemeH B cnennajibHyio flepxcaBKy, 
ooecnenHBaioinyio »cecTKoe 3aKpenjieHHe H 6BICTPBIH cteM npo6ooT6opHHKa. /JepacaßKa 
3aKpenjiajiac& COOCHO ABHrarejno HapaccToaHHH 120...150 MM OT cpe3a conjia. 

HcnBiTaHHa npoBOAHJiHCB npn HanajiBHOM ßaBJieHHH nepejj, nepBBiM BKjnoneHHeM 
jüBHraTejia OKOJIO 10 Topp. Rm Ha6opa AOCTaTonnoro KoirnnecTBa KOH/jeHcnpoBaHHOH 
4>a3Bi B npo6ooTÖopHHKe Ha O^HOM ncnBiTanHH npOBo^HjiocB OT OflHoro flo ^ecaTH 
BKjnoneHHH ^BHraTena npo«o.Ji)KHTe.riBHOcTBio 40...50 MC C nay3oft Meac^y BKUJoneHHaMH 
OT 50 ao 100 c. 

KaK noKa3aji aHajiH3 pe3yaBraTOB nepB&ix HcnBiTaHHa, ocHOBHoe BanaHHe Ha 
KoannecTBo BBiöpocoB OKa3BiBaK)T ncpexoflH&ie nponeccBi BBixofla ßBHraTejia Ha peacHM H 

ocTaHOBa, Korßa nponeccBi cropaHHa TonnHBa npoTeKaioT npn HeSjiaronpHHTHBrx 
cooTHonieHHax KOMnoHeHTOB Ton.JiHBa, no3TOMy B cocTaße BBixaona coAep>KHTca 
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3HaHHTeni>Hoe   KOJIHHCCXBO   BbicoKOMOJieKyjiapHbix   npo/jyicxoB   HenojiHoro   cropaHHa 

TonjiHBa. 
Pe3yjibxaxoM HcnbixaHHH HPflMT aBJiaaacb 3aBHCHM0CTb BejranHHbi Maccti 

oca>K«eHHOH KOH^eHCHpoBaHHOH 4»a3bi H3 BBixJionHoro <|>aK.ejia «BHraxejia OT BpeMeHH 
onepeaceiiHa oxicpbrraa KJiananoB oKHCJiHxeaa H ropionero na 3anycKe H 3ana3/xbiBaHHa 
HX 3aKptiTHa Ha ocxaHOBe ABHraxeJia. ITo SXHM naHHbiM onpeaejiajica onxHManbHbiH 
pejKHM BKjnoHeHHa H BbiKjnoneHHa KJianaHOB, o6ecneHHBaiomHH MHHHMajiBHyio 
BeJiHHHHy MaccBi KOHfleHCHpoBaHHOH 4)a3ti B BBixjioiiHOM ^aicejie ABHraxejia. 

Pe3yjibxaxbi npOBeneHHbix B SXOM HanpaBJieHHH HCCJieaoBaHHH yica3biBaiox Ha 
HajiHHHe BjinaHHa pa3HOBpeMeHHOCTH OTKpBiTHa H 3aKpbiTHa KJianaHOB Ha ypoBeHb 
BBl6pOCOB   KOHfleHCHpOBaHHOH   (|>a3H,   npH   3XOM   B   HeKOTOpBIX   CJiynaaX   flOCTHraJIOCB 
CTaÖHJibHoe 1.5...2.0-KpaTHoe CHHKeHHe sxoro noKa3aTejia. Hanoojiee rpa3Hbra Bbixjion 
HaGjuoaaexca npn paöoxe aBHraxeJieft c H36WTKOM ropionero npn 3anycKe H, oco6eHHO, 
ocTaHOBe flBHraxejieft, Kor^a HMeex MecTO onepe^eHHe BKjnoneHHa KnanaHa ropionero 
npn BKJiKDHeHHH H 3a,zjep>KKa 3aKpbiTHa sxoro KJianaHa npH ocTaHOBe aBHraxejien. BMecTe 
c TeM, HHoryia He yaaBaJiocb nonyHHXb nocxaxoHHO aBHoro pe3yjibTaTa. 3xo 
oöcToaTejibCTBO cBHnexejibcxByex o Heo6xoflHMOCTH 6ojiee rjiyöoicoro aHajiH3a 
KOHCTpyKTHBHbix ocoöeHHOCTCH H, CBa3aHHbix c HHMH, paöonnx npoHeccoB B jiBHraxejiax 

^jia noHHMaHHa sxoro aBJieHHH. 
CymecTBeHHbifi 3<|><t>eKX oxMenaexca npH Hcnojib30BaHHH rnnpaiHHa BMCCTO 

H/JMT. CpaBHeHHe pe3yjibxaxoB HcnbixaHHH oflHoro H3 aBiiraxejieii Ha TonjiHBax AT H 

IiTTMr, AT H rHflpa3HH HOKa3ajio npeHMymecxBO npHMeHeHHa rHflpa3HHa B 

HCCJie^oBaHHOM flHana30He H3MeHeHHa K03<|)<i)HHHeHxa roöbixKa oKHCJiHTejia 0.5...0.7, 
npa 3TOM ypoBeHb 3arpa3Haioni,HX Bbi6pocoB yMeHbinnnca B 2.5..A5 pa3a. 

nojiyneHHbie pe3yjibxaxbi HcnbixaHHH HocaT npenBapnxejibHbiH xapaKTep H 6y/iyx 

yxoHHaxbca. 
Pesyjibxaxbi npoBeneHHbix nccjienoBaHHH aBJiaioxca nepBbiM maroM K co3naHHio 

MeTO^OB cepTH(|>HKaHHH )KP,Z],MT no sKOJiorHnecKHM napaMexpaM. 

HccjieaoBaHHH no co3jaHHio 3JneKTpoavroBbix jBHraTejiett Majiofi MOIHHOCTH. 

riocjieÄHee BpeMa B IJenxpe Kejiflbima 6ojibHioe BHHMaHHe ynejiaexca BonpocaM 
pa3pa6oTKH H HccjieaoBaHHH paKeTHbix ABHraTejien Majiofi xarn (PflMT) HOBBIX xnnoB, a 
xaoKe peuieHHK) npoöJieM, CBa3aHHbrx c fljiHxejibHOH sKcnjiyaxaHHeft PflMT B HaxypHbix 

ycJiOBHax. 
OAHHM H3 HanpaBJieHHH pa6ox B Hacxoamee BpeMa aBJiaioxca HCCJie/joBaHHa B 

oöecneneHHe co3ixaHHa sjieKxponyroBoro «BHraxena (3flJ\) MOJIOH MOIHHOCXH Ha 
aMMnaKe HJIH rH/ipa3HHe. 3XH paöoxbi BKJitonaiox B ceöa, B nepByro onepeab, pa3pa6oxKy 
H HcnbixaHHa sKcnepHMeHxajibHbix o6pa3HOB «BHraxejieH, a xaKace HCCJieaoBaHHS 
B03MoacnocxH npHMeHeHHa 3J1R B cncxeMax ynpaBjieroia KA. 

3J1R npHHaxo OXHOCHXB K KJiaccy sjieKxpopeaKXHBHbix ABHraxejieft, xoxa npn 
paöoxe 3JJJ[ Ha rH,npa3HHe Hcnojn.3yexca He XOJIBKO GopxoBaa sjieKxposHepraa, HO H 

xHMHHecKaa SHepraa pa3:no>KeHHa rHflpa3HHa. Tlo ypOBHK» OCHOBHBIX SHeprexHHecKHX 
xapaKxepncxHK 3JJJI 3aHHMaex npoMoicyxoHHoe nojio>KeHHe MeKfly xepMO- 

KaxajiHXHHecKHMH H 3j[eKxpoHarpeBHbiMH flBHraxejiaMH, c O^HOH cxopoHbi, H 

cxaHHOHapHbiMH njia3MeHHbiMH H HOHHbiMH ABHraxejiaMH, c flpyroH CXOpOHbl. 
PaGonee xejio B 3RJ\ HatrpeBaexca 3jieKxpHHecKOH ayron, ropameö ueyKjsy KaxoflOM 

H aHOflOM H ycKopaexca B CBepx3ByKOBOM conjie. 3a cnex Harpeßa paöonero xejia B «yre 
no cpeAHeMaccoBbix xeMnepaxyp 3000...5000 K H Bbinie MOäHO nocxnnb BHCOKHX 

CKOpocxefi HCxeneHHa H, cooxßexcxBeHHO, BBICOKHX 3HaneHHH yjJtejibHoro HMnyjibca. 
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IlpH pa6oTe Ha rnflpa3HHe HJIH Ha aMMHaxe 3JJR cnocoÖHBi o6ecneHHT& y^ejitHBiH 
HMnyjibc 4000...6000 M/C, npn HcnojiB30BaHHH Bo^opo^a - 10000...20000 M/C. 

PeajiH3yeMBiö 3J]J\ ypOBeHB Tarn onpezjejiaeTca, B nepByio onepe/jB, BCJIHHHHOH 

noflBefleHHoft sjierrposHeprHH, H Moacer cocTaBjiaTB OT HCCKOJIBKHX rpaMM #o 
HecKOJiBKHX flecaTKOB rpaMM npH neue Tarn 3... 10 KBT/H. TaroBBiä Kim, 
xapaKTepH3yioni;HH 3<Jx|)eKTHBH0CTb npeo6pa30BaHHa sjienpHHecKOH 3HeprHH B 

KHHeTHHecxyio SHeprHK) co3flaioiHero xaroBoe ycHJine ra30Boro noTOKa cocTaßjiaeT #jia 
3^m Manofi MOIHHOCTH, Kax npaBHjio, 25...35 %. 

TaxoH ypoBeHb napaMexpoB cnocoöeH jißjh BBinrpBim B cpaBHeHHH c apyniMH 
THnaMH ^BHraTejieft B 3a,aaiax no/wep>KaHHa KA Ha opÖHTe, H3MeHenHa op6HTbi H 

MaHeBpHpoBaHHa. 

HanGojiee nepcneKTHBHOH sam^ew. B 3TOM HanpaBJieHHH aBjiaeTca co3#aHHe 
nmpa3HHOBoro 3JSJ\ nocToaHHoro xoxa MOIHHOCTBK) OKOJIO 1 KBT. Taxoii ypoBeHb 
MOHJHOCTH BbiöpaH H3 ycjiOBHa cooTBeTCTBHH pacnojiaraeMOH MOnjHOCTH MHOrHX KA, 
Tara 3JJJJ, npn STOM cocTaßjiaeT 0,1....0,15 H. Bbiöop rHflpa3HHa B xanecTBe pa6onero Tejia 
oöycjiOBJieH ero mnpoKHM npHMeHemieM B J\Y pajJiHHHHx KA, a Taoce ero 
"yHHBepcajiBHocT&io",      no3BOJiKK)iaeH      co3£aBaTb      KOMGHHHpoBaHHbie     ^y      c 
rHflpa3HH0BBIMH flBHraTeJISMH pa3JIH1[IHbIX THnOB. 

npHHHHnHajibHaa cxeMa flBHraTena npeflCTaBjieHa Ha pHC.2. HCTOHHHK nHTaHHa 
flyrn <J)opMHpyeT BOJiBT-aMnepHyio xapaxrepHCTHKy, Heo6xoflHMyio AJia CTaÖHJiBHofi 
paöoTbi ^BHraTejia. ripn BKJIIOHCHHH ^BHraTejia Ha sjiexipoflBi no^ae-rca HMnyjibCHoe 
HanpaaceHHe B HCCKOJIBKO KHJIOBOJIBT ßjia HiiHHHHpoBaHHa ßyroBoro pa3pa.ua. /Jjia 
noflann Ha BXOJX, B sJieKTpopaspaßHyio KaMepy (3PK) "ropa^Hx" npoayxTOB pa3Jio»ceHHa 
rH«pa3HHa cjiyaeHT y3eji TepMOKaTariHTHHecKoro pa3Jio>KeHHa. OCHOBHBIMH sueMenraMH 
3PK aBJiaioTca KaToa, aHOfl-conjio, y3e;i no«aHH paöonero Tena B Me>K3JieKTpo,a,Hoe 
npocTpancTBO, H30JiaTopBi H ynjiOTHHTejibHbie sneMeHTbi. 

B pe3yjibxaTe HccjieÄOBaHHH pa3jiHHH&rc cxeM      3PK   co3ßaH 
ÄeMOHCTpauHOHHbiH o6pa3eH flBHraTCJia H SKcnepHMeHTanBHO onpe^eneHbi ero 
ocHOBHBie xapaKTepncTHKH. B nponecce Hccjie^OBaHHii 6BIJIH penieHbi cjieflyromne 
npo6jieMbi: 

- o6ecneneHo  Ha^e>KHoe  3a)KHraHHe  ^yroBoro  paapa^a  npn   3anycxe  H   ero 
CTa6HJibHoe ropeHHe na CTannoHapHOM peaoiMe pa6oTBi; 

- npoBe^eHa onTHMH3au;Ha reoMeTpHH MOKSjiexTpoflHoro npocTpaHCTBa H 

npofjmna conna, HTO o6ecneHHJio paÖOTy 3PK B peacHMe c BBICOKHM y^ejibiibiM 
HMnyjIbCOM H MHHHMaJIbHOH 3p03Hefi 3JieKTp0,Zi;0B; 
- Bbi6paHbi KOHCTpyKHHOHHbie MaTepnanbi «jia sjieicrpoAOB, H30JiaTopoB H 

yniioTHHTe^bHbix sneMeHTOB, H3roTOBJieHbi cooTBeTCTByiomHe y3JiBi, 3KcnepHMeH- 
TanBHo no/jTBep>K,n;eHa HX paöoToenocoÖHoeTB B ycnoBHax BBICOKHX pa6oHHX 
TeMnepaTyp. 

Ha pa3pa6oTaHHOM oopa3ue 3J\J\ nonyneHBi cjieAyioimie xapaKTepncTHKH: 
noTpe6jiaeMaa MOIHHOCTB     0.8...1.5 KBT; 

Tara  0.1...0.26 H; 

yflejibHBrii HMnyjibc Tarn  3500...4700 M/C; 

xaroBBiH Kllfl  28...32%; 

HeHa Tara  5.8...8.0 KBT/H. 

B npouecce npoBO^HMBix B Haeroamee BpeMa pecypcHBix HcnBrraHHH «ocTHrayTa 
Hapa6oTKa ÄBHraTejia Sojiee 20 nacoB. 
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BenHHHHa yflejibHoro HMnyjn.ca Tarn 3jm cymecTBeHHo 3aBHCHT OT yzjenBHOti 
MOIIIHOCTH, T.e. OT MOIB.HOCTH, npHxoznnneHca na e/nffinuy pacxo^a paGonero Tena. C 
yBeJiHHeHHeM y^ejiBHOH MOIHHOCTH yzjejiBHBiii HMnyjiBC pacreT, oflHaKO, yBejiHHHBaeTca 
H TennoBaa Harpy3Ka Ha KOHCTpyKHHio 3PK üpn 3KcnepHMeHTajn>HBix Hccjie^oBaHHax 
xapaKTepacTHKH 3JJJ\ onpe^enHJiHCt B nmpoKOM .inianasoHe y#ejiBHBix MomHOCTeH. 
3aBHCHM0CTH yaejiBHoro HMnyjiBca H TaroBoro Kim, nojiyHeHHbie npn HcnbrraHHax 
3KcnepHMeHTajii.Horo o6pa3ua 3J1JX Ha aMMHaKe npeÄCTaBJieHbi Ha pnc. 3 H 4. 

B nponecce npoBe/i;eHHa HCCJie^oBaHHH BbiaBJiajincb H yTOHHanncb oöJiacTH 
pauHOHajiBHoro npHMeHenna STHX /jBHraTejiefi. 3Ta 3a,n,aMa pemajiacB Tpa/HiHHOHHbiM 
MeTO^OM cpaBHeHHa MaccoBbix 3aTpaT Ha BBinojiHeHHe pa3JiHHHBix <|)yHKHHH ynpaBJieHHa 
KA npn HcnojiB30BaHHH flBHraTenefi pa3JiHHH&ix THnoB. KpHTepneM cpaBHeHHa aBJianacB 
cyMMa MaccBi flBHraTejiBiion ycTanoBKH H yBeiiHHeHHa Maccti SHeproycraHOBKH KA, 
cBa3aHHoro c npHMeHeHHeM paccMaxpHBaeMBix ranoB flBHraTeneft Manon Tarn. B 
HacToamee BpeMa onpe/jeneHBi cjrejryiomHe ocHOBHBie oOJiacra pannoHajiBHoro 
npHMeHeHHa 3flJJ,: 

1. OnepaTHBHoe npHBe^eHHe, no,zwep5KaHHe H onepaTHBHoe H3MeHeHHe TOHKH 

CToaHHa reocTaHHonapHBix KA Maccofi £0 3000 Kr H cpoKOM aKTHBHoro 
cymecTBOBaHHa 10... 15 JieT. 

2. ^0B&iBe^;eHHe cpe^He- H HH3Koop6HTanbHBrx Majiopa3MepHBix KA c onopnoH 
op6HTbi (200...300 KM) Ha paöonyio (700... 1500 KM) 3a orpaHHneHHoe BpeMa 
(18...60 cyTOK), noÄ^ep>KaHHe paöonefi opÖHT&i H CTpyKTypBi opÖHTajibHOH 
rpynnapoBKH KA. 

3. OnepaTHBHMÄ yBO,n; c opÖHTBi HeHcnpaBHBix KA. 
KpoMe   Toro,   AonojiHHTejibHbiH   3<f>(|)eKT   OT  npHMeHeHHa   3JSJ\   MO)KeT   öBITB 

^OCTHTHyT   npH    HCHOJIB30BaiIHH    HX   B    COCTaBe    KOMÖHHHpOBaHHBIX   J\Y,    B    KOTOp&IX 
HMeioTca ABHraTenH opneHTanHH H CTa6HJiH3au;HH Ha iTmpa3HHe. 

TaKHM o6pa30M, pe3yjiBTaTBi BBinojiHeHHbix K HacToaineMy MOMeHTy HCCJieflOBaHHH 
cBH^eTejibCTByioT o Hejiecoo6pa3HocTH npoBe^eHHa .najibHeHnrax paöoT no co3,gaHHK> 
3jm H nocjie^yiomeMy HX npaKTHnecKOMy npHMeHeHHK). 
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Abstract 

The paper deals with the results of researches in lowering the level of exhaust 
contamination of bipropellant low-thrust liquid rocket engines (LTLRE), including 
the ones incorporated in propulsion systems of long-term orbital stations, as well as 
researches in creation of arcjets with a low thrust. 

Presented are the results of experimental researches of ecological characteristics 
of various LTLREs with the use of the technique determining a quantity of condensed 
phase exhausts out of the thruster nozzle by the pulsed operation. Testing was carried 
out on nitrogen tetroxide (NTO) and unsymmetric dimethyl hydrazine (UDMH), 
hydrazine and NTO. 

The analysis or research results has allowed determining some measures that 
could favour the lowering of the level of exhaust contamination. The complex of 
researches in development of the arcjet (AJ) with a power of about 1 kW on hydrazine 
is performed. In the process of researches the regions of the reasonable use of such 
engines have been determined, the designs of AJ major members and assemblies have 
been developed, key characteristics of AJ prototypes have been experimentally 
determined and presented, the accessible level of performance of such engines has 
been evaluated. 

Experimental researches in lowering the level of LTLRE exhaust 
contamination of bipropellant LTLRE 

Increase of the on-orbit lifetimes for the spacecraft (SC) and development of 
international space stations (ISS have revealed the problem of contamination of SC 
and ISS surface elements with combustion products of control thrusters. 

In this connection KeRC has fulfilled a great deal of experimental researches 
aimed at the determination of qualitative characteristics of exhaust contamination, 
ascertainment of the action of various factors on LTLRE ecological characteristics and 
search for measures for decrease of these exhausts. About 100 tests in all were 
conducted on KeRC test facilities for serial LTLREs that are developed by the Design 
Bureau of Chemical Machine Building and Research Institute of Machine Building, as 
well as for Experimental engines of KeRC design. 

These Researches on LTLRE allow one to infer that there is a need to use the 
following measures for the purpose of lowering LTLRE exhaust contamination: 

1. Increase in the fuel combustion completeness at the expense of: 
- introducing combustion chamber out of high-temperature materials; 
- perfection of schemes of mixture formation. 
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2. Increase in LTLRE dynamic characteristics and the pertinent shortening of 
the transient response. 

3. Optimization of the sequence of operation of fuel valves of bipropellant 
LTLREs. 

4. The substitution of fuels (monomethylhydrazine, hydrazine)with a lesser 
carbon content for the standard fuel. 

5. The changing to ecologically friendly fuels (oxygen-hydrogen, oxygen- 
methane etc.). 

The shortening of a duration of the transient response at the expense of opening 
and closing the valves and the optimization of the sequence of opening and closing 
valves for oxidant and fuel by start and stop of the engine for improvement of fuel 
combustion conditions are the most acceptable control methods for these processes 
among the above mentioned, which do not involve any design modifications of the 
engine. The improvement of the valves dynamics may be achieved, for example, due 
to introducing the accelerating circuit diagrams for the valves opening with applying 
an increased voltage by the engine starting with the following going to a nominal 
voltage, providing the valve holding in an open state up to the issue of a command to 
the stop. 

The second method can be implemented by way of issuing commands from the 
control system to engine valves with a required error signal providing the best 
ecological characteristics. 

The purpose of these researches was the experimental verification of efficiency 
of some of these measures, in particular, the error signal for operation of fuel and 
oxidant valves by start and stop of the LTLRE and substitution of hydrazine for the 
UDMH. 

The testing was carried out with the 5 versions of thrusters three of which were 
serial (nominal thrust - 25, 100, 129 N) and two - experimental (nominal thrust - 10, 
100 N). 

Fuel compositions used - propellant based on nitrogen tetroxide (NTO) with 
fuels UDMH and hydrazine. 

The technique for determination of LTLRE exhaust ecological characteristics 
consisted in the direct measurement of a mass of a condensed phase from engine 
exhaust gases, which was accumulated in special samplers and which characterizes, to 
a sufficient degree, the level of exhaust flame contamination. 

The engine was arranged in the vacuum chamber in upright position nozzle 
downwards. For collecting the condensed phase the special sampler was used in the 
engine exhaust flame, which is a cone with a base diameter as high as 80 or 120 mm 
(Fig. 1), manufactured out of non-corrosive foil, located in the special holder 
providing the stiff attaching and the quick removal. The holder was attached in line 
with the engine at 120 to 150 mm from the nozzle exit section. 

The tests were conducted at an initial pressure as high as approximately 10 Torr 
prior to the first starting of the engine. For collection of a sufficient quantity of the 
condensed phase in the sampler in the one test, 1 to 10 actuations of the engine with a 
duration 40 to 50 ms with a spacing interval between actuations from 50 to 100 s were 
realized. 

As the analysis of results of first tests has revealed, the principal influence on 
the quantity of exhausts is exerted by transient processes while the thruster is reaching 
the mode and that of its stop, when fuel combustion processes are following at 
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unfavorable mixture ratios, therefore the exhaust composition includes a great deal of 
high-molecular products of incomplete fuel combustion. 

The dependence of the condensed phase mass precipitated from the thruster 
exhaust flame on the time of valve-opening lead for one of valves (fuel or oxidizer) 
during a starting and valve-closing lag during a stop of the engine became a results of 
LTLRE tests. 

The results of researches conducted in this line reveal the availability of the 
influence of a time difference of valves opening and closing on the level on condensed 
phase exhausts, in doing so, in some cases a stable reduction of this indicator by a 
factor of 1.5 to 2 was reached. The most dirty exhaust is observed while the thruster is 
operating with the fuel excess by a starting and, especially, by a stop of thrusters, 
when a valve-opening lead of the fuel valve by a starting and a valve-closing lag of 
this valve by a stop take place. At the same time, sometimes a rather obvious result 
could not be gained. This circumstance testifies that a deeper analysis of structural 
features and appropriate working processes in engines is required to gain an insight 
into this phenomenon. 

A significant effect is observed when using hydrazine instead of UDMH. The 
comparison of test results for one of thrusters on propellants NTO-UDMH and NTO - 
hydrazine has revealed the advantage of the use of hydrazine in the researched range 
of variations of the oxidizer-to-fuel ratio 0.5 to 0.7, thereat, the level of reduction of 
exhaust contamination decreased by a factor 2.5 to 4.5. The test results obtained are of 
preliminary character and will be defined more exactly. 

The results of tests carried out are the first stage for development of LTLRE 
certification methods by ecological parameters. 

Researches in development of low-thrust arcjets 

Recently Keldysh Research Center focuses its attention on problems of 
development and researches of low-thrust propulsion (LTP) of new types, as well as 
on problems dealing with a long-term operation of LTP under natural conditions. 

At present the researches in development of low-thrust arcjets (AJ) on ammonia 
or hydrazine is one of lines of works. 

These works include first of all the development and tests of experimental 
prototypes of thrusters, as well research in a possibility to use the AJ in the spacecraft 
control systems. The AJ is considered as falling in the category of electrojet engines, 
although by operation of the AJ on hydrazine not only the on-board electric power is 
used, but also the chemical energy of hydrazine decomposition. AJ takes an 
intermediate place between thermocatalytic and resisto jets, on the one hand, and 
stationary plasma and ion thrusters, on the other. The propellant in AJ is heated by an 
electric arc burning between the cathode and anode and accelerated in the supersonic 
nozzle. At the expense of propellant heating in an arc up to mass average temperatures 
of 3000 to 5000 K and higher one can reach high exhaust velocities and, respectively, 
high values of the specific impulse. 

By operating on hydrazine or ammonia the AJ has the ability to provide the 
specific impulse as high as 4000 to 6000 m/s, by using hydrogen - 10,000 
to 20,000 m/s. The thrust level realized by AJ is defined firstly by the quantity of 
electric power supplied and may comprise a few grams to a few tens of grams at a 
thrust cost 3 to 10 kW/N. The thrust efficiency characterizing the efficiency of 
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conversion of electric power to kinetic energy of the gas flow producing a thrust may 
amount to 2 5... 3 5 % for the low-thrust AJ. 

Such a level of parameters can give a gain as compared with other types ot 
thrusters in missions of maintenance of the spacecraft on orbit, changing the orbit and 

manoeuvring. 
The most promising problem in this line is the development ot the d.c. 

hydrazine AJ with a power of about 1 kW. Such a level of power has been chosen 
from the condition of the compliance with a disposable power of many spacecraft, 
thereat an AJ thrust comprises from 0.1 to 0.15 N. Selection of hydrazine as a 
propellant is defined by its wide application in propulsion systems of various 
spacecraft, as well as by its "universal" properties allowing making combined 
propulsion systems with hydrazine thrusters of various types. 

The principal configuration of the thruster is presented in Fig. 2. The power 
supply source of the arc forms the volt-ampere characteristic necessary for stable 
operation of the thruster. When the thruster is turned on, a pulsed voltage of some 
kilovolts is applied, to electrodes for initiation of an arc discharge. The thermocatalytic 
decomposition assembly serves for the supply of "hot" decomposition products to the 
discharge chamber inlet. The main parts of the discharge chamber (DC) are the 
cathode, the anode-nozzle, the assembly of propellant supply to the interelectrode 

space, insulators and seals. 
By results of research of various DC configurations the demonstration prototype 

of the thruster was made, and its performance was experimentally determined. In the 
process of the research the following problems were solved: 

- the reliable ignition of the arc discharge by the startup and its stable 
combustion in the stationary mode of operation were provided; 

- the optimization of configuration of the interelectrode space and nozzle 
contour that provided the operation of DC in the mode with a high specific impulse 
and the minimum electrodes erosion has been performed; 

- structural materials have been selected for electrodes, insulators and seals, 
appropriate assemblies have been manufactured, their serviceability in high operating 
conditions has been experimentally verified. 

For the AJ prototype developed, the following characteristics are acquired: 
power consumption 0.8...1.5 kW 
thrust 0.1...0,26N 
specific impulse 3500...4700 m/s 
thrust efficiency 28...32 % 
thrust cost  5.8...8.0 kw/N. 

In the process of life tests now being conducted the operating time of the 
thruster more than 20 hours has been achieved. 

The value of the AJ specific impulse is substantially dependent on a specific 
power, i.e. on a power per an unit propellant flow. With the increase of specific power 
the specific impulse grows, however, the heat demand of DC structure increases too. 

In the experimental research the DC characteristics were determined in the wide 
range of specific powers. Relations for specific impulse and thrust efficiency, 
obtained by tests of the AJ experimental prototype on ammonia, are shown in Figs. 3 

and 4. . 
In the process of performing the tests the regions of reasonable application ot 

these thrusters were being revealed and defined more exactly. This problem was being 
solved by the traditional method consisting in the comparison of mass expenditures 
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for fulfilment of various functions of SC control when using thrusters of various 
types. The comparison criterion was a sum of the propulsion system mass and a rise in 
a SC power system mass caused by application of low-thrust jets in hand. At present 
the following main regions of the reasonable use of AJs have been determined: 

1. Operative insertion, maintenance and operative change of the station-keeping 
of the geostationary spacecraft with a mass up to 3000 kg and the on-orbit life-time 
of 10 to 15 years. 

2. The orbit raising of the middle-and low-orbit small-size spacecraft from the 
reference orbit (200...300 km) to the operating one (700...1500 km) during a restricted 
time (less than 18...60 days), maintenance of the operating orbit and the structure of 
SC orbital constellation. 

3. Operative de-orbiting of the faulty spacecraft. 
Besides, an additional effect due to the AJ use may be achieved by the use 

thereof as an integral part of combined propulsion systems, in which there are 
thrusters on hydrazine for orientation and stabilization. 

In such a manaer, the results of research that is fulfilled to date are indicative of 
advisability of performing the next works on AJ development and their practical 
application. 
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TexHHqecKHH O6JIHK 3P^ wia Majibix KA 

HHCJIOB T.O., Tapxyina B.H., CeMeHKHH A.B., TBepfloxjie6oB CO. 

IJiHHHMain 
141070, r. KopojEeB MOCKOBCKOH oöjiacra, 

yji. riHOHepcKa«, RA 

Teji. 513-54-20 

Ba^CHOH TeHfleHUHeH Ha  COBpeMeHHOM  3Tane  pa3BHTHJI  KOCMHHeCKOH 
xexHHKH   HBJiHeTCH   Bee   paciirapfliomeecfl   Hcnojib30Baraie   Majiwx   KA, 
HCnOJIb30BaHHe       KOTOpblX       flaei        B03MCBKHOCTb       CHH3HTB       CTOHMOCTb 
BbinojiHeHHH itenoro pji.ua npaKTHqecKH BaacHbix 3aflan. TaKHMH 3aaaHaMH, 
HanpHMep, Moryr 6biTb - rjioöajibHbrä MOHHTOpHHr 3eMjra, rjio6ajn>Haji 
MoÖHjibHaa   cB5i3b.   Hcnojib30BaHHe   3P#   W*   peinemra   TaKHX   3aaan 
n03BOJIHeT  CymeCTBeHHO nOBblCHTb  3(J)CpeKTHBHOCTB,  HX BbinOJIHeHHH,  JIHÖO 
yBejiHHHTb cpoK cjiyacöbi KA. 

3jieicrpopeaKTHBHHe flBHraTenH c aHOflHbiM cjioeM (3AC), 
pa3pa6aTWBaeMbie B LJHHHMani, HMeioT yjiyqnieHHbie SHeproMaccoBbie 
xapaicrepHCTHKH, niHpoKHH ^Hana30H peryjrapoBaraifl napaMeTpoB a 
aocTaioHHO BMCOKHH nporao3HpyeMbrä pecypc. YjiyHineHHe napaMeTpoB 
flocTHraeTCH 3a CHQT 6onee coBepnieHHon opraHH3auHH pa6onero nponecca 
B flBHraTejie n npHMenemieM HaH6ojiee nporpeccHBHbix KOHCTpyKTopcKHX n 
TexHOJiortwecKHX penieHHH. #AC no3BOJiaioT peajiH30BaTb ypoBeHb 
yaejibHoro HMiryjibca 1500-2500 ceK, Heo6xoflHMbrä w* ocymecTBjieHHa 
TpaHcnopTHbix onepanHH B6JIH3H 3eMJin. 

npH aHajiH3e npoeKmoro o6jiHKa 3YJiy äJIH Majiwx KA HeoSxo^HMo 
yHHTHBaTb orpaHiweHHa no ßonycraMOMy ypoBHio MOIUHOCTH, OTBO^HMOH 

Ha (JiyHKHHOHHpoBaHHe ßy, a, oneflOBaTejibHO, m caMoro flBHraTejra. 
B flOKJiaÄe o6cy»caaeTCJ[ TexHmecKHii O6JIHK 3P,3,y Majioro KA 

"MoÄyjib-M", sanycicaeMoro c 6opTa OIIC MHP H ajieKTpopaiceTHoro 
ABHraTejia, pa3pa6oTanHoro B IJHHHMain, wx BbinojiHeHna 
TpaHcnopTHOH 3&jwm KA. 

T.HHCJIOB 
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üepcneKTHBbi i[pnivienein«i HOHHHX H XOJIJIOBCKHX ßBHraTejieft 
Majioii MomHocTH B cocTaße MajiOMaccoraÖapHTHMx KA HOBOIO noKOJicHnn 

BAKHMOB, ATacjJapoB, OTopinKOB, H.Orjio6jiHHa 
Hcc^eflOBaTejibCKHH U,enxp HM. M.B.KejiAbinia 

125428, r.MocKBa, ÜHeaccKaa yji., 8/10 
d>aKc :(095) 456-82-28 

Pefoepax 

Pe3Koe pacuiHpeHHe pa6oT B MHpe B nocjie«Hee Bpeivia no co3#aHHto H 

Hcnojib30BaHHK) Maji&ix KocMH^ecKHx annapaxoB c MaccoM ÄecaxKH H COTHH KHJiorpaMMOB 
BsiflBHJio noTpeÖHOCTb B sjieicxpHHecKHx flBHraxejiax c HH3KHM ypOBHeM 3Hepronoxpe6.neHHa 
- MeHee 500 BT. HaHÖojibuieH 3(Jxj)eKXHBHOCxbio B ßaHHOM Aiiana30He MOIHHOCXH oöjia/iaiox 
HOHHwe H xonjiOBCKHe flBHraTejiH, no3BOJiaiomHe nojxyqaxb MaKCHMajibHO-B03MO>KHbie 
CKopocTH HCTeneHHfl paöoqero xena B conexaHHH co cpaBHHxejibHO BHCOKHMH 3wnemviMii 
KTIR. 3XH /iBHraxejiH Moryx ycneinHO npHMeHaxbca JWH pemeHH» OÄHHaKOBbix 3mm B 

KoeMoce, a npeflnonxeHHe xowry HJIH HHOMy xnny flBHraxena Moacex öwxb ox^aHO JIH6O, 

Hcxoflfl H3 xpeöoßaHHH onepaxHBHoexH pemeHHfl 3aAa^H, B qacxHOCXH, B 3amnQ 
AOBbiBefleHH», JIH6O 6y#ex onpe#e.riaxbca BBICOXOH paöowfi opÖHXbi cnyxHHKa (3a«aHa 
napnpoBaHH« aspo/iHHaMHiecicoro conpoxHBjieHHa). B pa6oxe npeÄCxaßjieHbi 
xapaKxepHCXHKH HccjieayeMbix B IJenxpe KejiÄbiuia 3PJ\ Manoß MomHocxH - 5-CM H 10-CM 

HOHHMX ABHraxejieM MomHoexbio 50-500 Bx, a xaioice XOJIJIOBCKHX flBHraxejieft KaK c 
npoxaaceHHOH (cxaHHOHapHMH njia3MeHHbiH ABHraxejib), xaK H C KopoxKOH 30HaMH 
ycKOpeHHfl (ABHraxeju, c ano/iHbiM cnoeM) B Anana30He noxpeÖJiaeMofi MOIHHOCXH 100- 
500 Bx. 

1. BßegeHHe 

B nocnejiHee BpeMa 3Hawrejn>HO Btipoc HHxepec K sjieicrpHHecKHM paicexHbiM 
ABHraxejTHM (3PJX) Majiofi MOIHHOCXH (< 1 KBX). 3XO aBJiaexca cjie#cxBHeM OAHOH H3 
Be#ymHx xeHfleHHHH coBpeMeHHoro sxana KOCMHHCCKOH aeaxejibHocxH B MHpe - pe3Koro 
paciHHpeHHa pa6ox no co3flaHHK) H Hcnojib30BaHHio Majibix KOCMHHCCKHX annapaxoß (MKA) 
HOBoro noKOjieHHa. 5KecxKHe orpaHnneHH», HaiuiazjbiBaeMbie Ha BCCOBOH ÖKWicex 
BcnoMoraxe^bHwx cncxeM MKA, H cxpeMJieHHe yBejraqHXb cpoK arraBHoro cyinecxBOBaHHa 
annapaxa 3acxaBjiaiox öojiee SKOHOMHO Hcnojib30ßaxb XOHUHBO peaicxHBHbix jjBHraxejieH 
CHCxeMbi ynpaßjieHHa ABHaceHHeM MKA. riosxoMy cxaHOBHxca Hejiecoo6pa3HbiM 
Hcnojib30BaHHe sjieicxpHnecKHx paKexraux ABHraxejieM BMecxo uinpoKo npHMeHaeMbix 
XHMHHecKHx ABHraxejieH Majioia xara. 

IIojiOHCHxejibHbiH s4)(J)eKx ox Hcriojib30BaHHs 3P,JJ, npoaßjiaexca BCJieÄCXBHe öojiee 
BbicoKOH CKopocxH HcxenenHa pa6onero xejia no cpaBHeHHio c XHMHHCCKHM ABHraxejieM. 

O^HaKo, no Mepe yBejiHHeHHa y/iejibHoro HMnyubca xara pacxex xpeÖyeMaa 
MoiHHOCxb ABHraxejia npn ^HKcnpoBaiHHOH BejinqHHe xara. 3xo Be#ex K pocxy Beca 
6opxoßoro HCxoHHHKa 3JieKxponHxaHHa H SHeproABHraxejibHoro MOAyjia B HejioM. üosxoMy 
cymecxByex noHaxne onxHMarrbnoro y^ejibHoro HMnyjibca xarn, cooxBexcxßyK)iHee 
MHHHMyMy Maccbi SHeproABHraxenbHOH ycxaHOBKH. fljia 6ojibntHHCXBa npaKxnqecKH 
HHxepecHwx 3a#aH B Hacxosinnfi MOMCHX noxpeÖHbrä yflejibHbiH HMnyjibc xara Haxo^nxca B 

AHana30He 1000 - 3000 c. 
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HaHÖojiBiuee KOJIHICCTBO MKA HOBOFO noKOJieHHa co3#aeTca äJIB peineroia 3ajjaq 
CBÄ3H, TejieKOMMyHHicauHH H flHCTaHu;HOHHoro 30HÄHpoßaHH9 3eMjiH. XapaicrepHBie MaCCBI 
MKA CBH3H H ÄHCTamiHOHHoro 30HAHpoBaHH« Haxo^aTca B «Hana30He 250-750 KT. C 
yqeTOM coBpeivieHHoro ypoBM 3Heproßoopya<eHHocTH KA -1 BT/KT H nepcneicraBbi pocTa 
3Toro noKa3aTejw w 2 - 3 BT/Kr Moamo pacHHTWBaxi. Ha abwejimm &m Hyac# 
3jieKTpopaKeTHofi ABHraTejibHofi ycTaHOBKH (3PflY) MomHocra B npesejiax 50 - 750 BT. 

npoBeÄeHHbifi B IJempe Kejiflbiuia aHajiH3 3(j)<|)eKTHBHoro npHMeHeHHa 3Pfl B 

cocTaße MKA noKasaa, HTO 3?J\Y Ha 6a3e HOHHMX ABHrarejieH HMCIOT MHHHMajibHyio 
Maccy npn peuieHHH saaan, xapaKTepHsyjoiuHxca HaöopoM öOJIBHIHX cyMMapHbix HMnyjibcoB 
Tara (xapaKTepHCTH^ecKHx CKopocTcfi) H, KaK npaßmio, npn OTcyTCTBHH orpaHHneHHH Ha 
Bpeiwa BtmojiHeHHa onepauHH l. K TaKHM sa^a^aM, B HacTHOcra, OTHOCHTca: 

• napapoBaHHe aspoAHHaMHTCCKoro conpoTHBJieiiHa HH3KOop6HTanBHbix KA 
ÄHCTaHHHOHHoro 30HAHpoBaroia 3eMiiH c xapaKTepHOH BMCOTOH nojieTa 300-500 KM; 

• flOBMBCueHHe MKA c HH3KOH onopHoö opÖHm BMCOTOH 300-500 KM Ha paöoqyK) 
opÖHTy 700 -1500 KM H cnycK c paöoneu op6HTbi B aTMOC(})epy 3eMjni; 

• KoppeKHHa opÖHTbi jierKHx reocrauiHOHapHbix KA c Maccofi MeHee 1000 KT. 

XapaKTepHbrti ypoßenb y#ejn>Horo HMnyjibca Tarn HOHHBIX ABHraTeneH, npHHaTbiit BO 

BHHMaHHe npn npoBe,a;eHHH aHajiroa, paBHsmca 3000 c. 
O^HaKO, npn 4>HKCHpoBaHHofi MOIUHOCTH 3PR öOJIBHIHM yaejibHbiM HMnyjibcaM Tara 

cooTBeTCTByeT MeHbHiaa Tara H HaoöopoT. IlpH cpaBHHMbix 3HaneHHax Küß ypoßeHb 
pa3BHBaeMOH Tara «BHraTejia nanpaMyio CBa3aH c oneparaBHocTbio BBinojmeHHa onepauHH. 
IIosTOMy c yßejiHHeHHeM yzjejibHoro HMnyjibca TarH BpeMa BbinojiHeHHa onepauHH pacTeT, 

T.e. onepaTHBHOCTb na^aeT. 
riosTOMy npH nanwmn orpaHHqeHHH Ha BpeMa BbinojiHeHHa MaHeßpoB MKA 

CTaHOBHTca Hejiecoo6pa3HOH paöoTa 3Pfl npH 6ojiee HH3KOH CKOPOCTH HCTeneHHa pa6onero 
Tejia H 6ojiee BMCOKOH Tare, mo nosBOJiHT noBbiCHTb onepaiTHBHOCTb pemeHHa 3a^aq npH 
oflHwaKOBOH noTpeöjraeMOH ÄBHraTejiaMH MOIUHOCTH. KpoMe 3Toro, flaa pemeHHa 
HeKOTOpbix 3a«aq, B HacraocTH, «.na KOMneHcauHH aspoAHHaMHHecKoro conpOTHBjieHHa 
HH3KOop6HTajibHbix KA OHTHMajibHaH BejiHHHHa yAejibHoro HMnyjibca MoaceT 6biTb MeHee 
2000 c , T.e. HHace AHana30na, Hanöonee npe^noHTHTejibHoro ana HOHHBIX ABHraTeneii. 

B 3THX cjiyqaax Moacer 6HTB onpaB^aHHbiM npHMeHeHite 3PJI xojiaoBCKoro rana, .zuia 
KOTOpbix cHHTaeTca ocBoeHHbiM «HanasoH H3MeHeHHa yziejibHoro HMnyjibca 1000 - 

2000 c. 
B AaHHofi paöoTe BbinojiHen aHajiH3 sc^eKTHBHOcm npHMeHeHHa 3PJ1, Majiofi 

MOUIHOCTH Ha Majibix KOCMHqecKHX annapaTax pa3JiHHHoro uejieBoro Ha3HaneHHa . 
npeflCTaBjieHBi Taicace xaparrepHCTHKH HCCJieayeMbix B LIeHTpe KeJWbiina KCCHOHOBWX 3P# 
MajiOH MOUIHOCTH - 5-CM H 10-CM HOHHHx ABHraTejieft MOtu;HOCTbK) 50 - 500 BT, a TaKace 
xojuiOBCKHX ÄBHraTe.neii KEK C npOTa>KeHHOH (cTauHOHapHbifi nHa3MeHHbra ÄßHraTejib), TaK 
H c KopoTKOH 30HOH ycKopeHH« (ABHraTejib c aHOAHBiM cjioeM) B AHana30He noTpeÖJiaeMOH 
MOUIHOCTH 100 - 500 BT. 
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2. SfofoeKTHBHQCTb XipHMeHeHHfl 3Pfl HH3K0H MOUJHOCTH 
na MICA pa3JTHqHoro nejieBoro Ha3HaneHHK 

2.1. KoMneHcamw aspoAHHaMHiecKoro conporaBjieHHa HH3KOOp6HTajibHbix MKA 
AHCTaHUHOHHOrO 30HAHpOBaHHH 3eMJIH 

Hanöojiee S^CKTHBHO AaHHaa 3aflaqa peuiaeTca c noMombio 3Pfl. Ana oöecneneHHa 
MHHHMyMa cyMMapHOH Macciw 3HeproABHraTejibHOH CHcreMbi HeoöxoaHMO Bbi6paTb 

pauHOHajibHbiH ran 3P#, onTHManbHbie 3nmeimsi MOHJHOCTH NonT H ynejibHoro HMnyjibca 
Tarn (I yÄ. )onT . 

M03KH0    nOKa3aTb,    HTO    (Iyfl)0irr    He    3aBHCHT    OT    BeJMHHH,    XapaKTepH3yK>m.HX 
3Hepronorpe6jieHHe uejieBbix CHCTCM H pa3Mepbi KA, cjieaoBaxejitHo, H Maccy KA, a 
onpeaejiaiOTca TOJIBKO ypoBHeM 3iieproMaccoBoro coBepmeHCTBa sjieMeHTOB 3Hepro- 
ÄBuraTenbHOH CHCTCMM (3flC), cpOKOM aKTHBHoro cymecTBOBaHHa KA H BMCOTOH opÖHTbi 
(H). 

B TaöJiHue 1 npeÄCTaBjieHbi pe3yjibTaTbi pac-rcTOB ana 3HaneHHH Kim 35% npn 
yAejibHOM HMnyjibce 1300 - 1500 c (pa6oHHH /iHana30H XOJUIOBCKHX nBHraTejiefi MaJiofi 
MOIUHOCTH) H 45% npn yaen&HOM HMiryjibce 3000 - 3500 c (pa6oHHH n,Hana30H HOHHWX 

ÄBHraxejieii Majiofi MOIUHOCTH). OHCHKH BbinojiHeHbi MM ycjioBHfi MaKCHMajibHoft 
nnoTHOCTH arMoc$epu npn yaejibHofi Macce 3#C 100 KIVKBT iijia my* BapHaHTOB 
yaejibHOH MOIUHOCTH cojmeiHHx öaxapefi (NCE) B KOHue pecypca 100 H 200 BT/M

2
. CpOK 

aKTHBHoro cymecTBOBaHHfl KA - 5 jiei. 

TaöJiHHa 1. 

OnTHManbHbie napaMeTpw 3PR AJia pa3JiHHHbix op6«T KA 

(lyzOoirr* C 1300 1500 3000 3500 

H, KM NCB= 100 BT/M
2 300 320 400 440 

NCE = 200 BT/M
2 280 290 350 390 

Norrr, BT NCB= 100 BT/M
2 230 210 95 50 

NCE= 200 BT/M
2 310 280 130 65 

H3 TaGjiHUbi BHAHO, HTo Ha BbicoTax OKOJio 300 KM uejiecoo6pa3Ho npHMeHerae 
XOJUIOBCKHX ABHraTejiefi, a Ha BbicoTax OKOJIO 400 KM - HOHHBIX ABHraTejiefi. IIpHHeM «JIH 

npHHSTbix ycjiOBHH 3aaanH onTHMajibHaa MOUIHOCTB AJI» XOJUIOBCKHX ABHraTejiefi 
cocTaBjiaeT 6ojiee 200 BT, a AJI» HOHHWX ABHraTejiefi - MeHee 150 BT. 

TaKHM oöpasoM, oueHKa napaMeTpoB 3?J\Y, napupyiomefi aspoAHHaMHiecKoe 
COnpOTHBJieHHe  HH3K00p6HTajIbHbIX KA,  CBH^eTeJIbCTByeT O  TOM,   HTO  B  3aBHCHMOCTH  OT 
BbicoTbi pa6oneH opÖHTbi KA   MO>KCT 6biTb onTHMajibHbiM   KaK npHMeHeHHe XOJUIOBCKHX, 

TaK H HOHHbix ABHraTejiefi Majiofi MOIAHOCTH. 
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2.2. floBfciBefleHHe Ha paÖcwyio opÖHTy H yaajieHHe c Hee MKA HH3KOop6HTaxn»Hbix 

CBH3HBIX CHCTeM 

Becb KOMnneKC 3am% pemaeMbix J\Y cnyraHKa, Bxoaamero B HH3KoopÖHTajn>Hyio 

CBfl3Hyio CHCTeMy, pacna^aeTCfl Ha #Ba 6rroKa: 
KoppeKuiw napaivieTpoB paöonefi opÖHTbi, BKJiKwaa KOMneHcamno 

aapoflHHaMHqecKoro conpoTMBjiemia, noA^epacaHHe napaMeTpoß oTHOCHTenbHoro 
nojiOHceHH« B opÖHTauBHOH rpynnnpoBKe H, B p*me cjiyqaeß, no^aepacaHHe napaMeTpoß 

COJIHeHHO-CHHXpOHHblX OpÖHT; 
BBinojiHeHHe MeüKOpÖHrajibHbix nepexoflOß, BKjiiOHaa ÄOBbiBefleHHe Ha paöonyio 

opÖHTy H cnycK c Hee oTpa6oTaBHiHX cnyTHHKOB. 
riOMHMO cymecTBeHHoro <J)yHKHHOHajibHoro pa3JiHHHa STH Aßa ÖJioKa 3a^an J\Y 

3HaHHTejibHO (öojiee qeM Ha nopaflOK) OTjiHHaioTca no noTpe6HbiM /uia HX penieroia 3anacaM 

xapaKTepHCTHqecKOH CKOpocTH Jjy. 
CyMMapHbie 3aTpaxbi xapaKTepHcnraecKOH cKOpocra Ha KoppeKHHK) napaMeTpoß 

paÖO^eil   OpÖHTbi   CnyTHHKOB,   BXOßamHX   B   HH3KOOpÖHTaJIbHbie   CHCXeMbl,   HaXOflHTCH   Ha 
ypoBHe 4 M/C B ro# H ßaace npH CAC = 8 TOT He npeßbicaT 30 M/C. 

XapaKTepHbIMH    paÖOHHMH    BbICOTaMH    ÄJTfl    HH3KOOpÖHTaJIbHbIX    CBH3HHX    CHCTeM 
aßjiaioTca Hp = 800, 1500 H 2000 KM. Heo6xoflHMbie wia cnycKa c Taicnx opöm Ha BbicoTy 
200 KM 3anacbi xapaKTepHcraqecKofi cKopocra J[Y cocTaßjiaioT cooTBeTCTBeHHO AV = 333, 
672 H 888 M/C ECJIH npHrorrb, MTO H3MeHeHHe BHCOTM npn MaHeßpe AOBbreeaeHHa 
cocxaßjiaeT 200 KM He3aBHCHMO OT BWCOTH paöonefi opGHTW, TO cyMMapHbrä 3anac 
xapaKTepHcraqecKOH CKOpocxH Ha BbinojiHeHHe MOKopÖHTajibHbix nepexo^os äJIH 

npHHSTbix Bbiuie BbicoT paÖOHHx opÖHT cocraBHT AV = 440, 764 H 972 M/C. 

CneflyeT TaKace OTMeTHTb, mo peajiH3auHa onncaHHbix Bbime ppyx öJIOKOB 3aAan 
öopTOBofi RY flOJDKHa ocyinecTßjiaTbca npH cymecxBeHHO oTjiHMHbix pexcHMax pa6oTbi 
CHCTeM cnyraHKa. ECJIH BbinojraeHHe 3a,na*i nepBoro ÖJioKa npoHCxo^HT B nepHOfl nrraTHOH 
paÖOTbi nejieBOH annapaTypbi, aßJiaiomeHca OCHOBHWM noTpeÖHTeneM SHepran, TO npn 
BbinojiHeHHH 3an,m BToporo ÖJioKa paöoTa nejieBofi annapaTypw He ocymecTBJiaeTca, 
öjiaroßapa neMy HMeeTca pe3epß ajieKrpHqecKOH aHepran. 

C yneTOM onncaHHbix Bbiuie o6cToaTejibCTB 6opTOBaa ffY, pemaiomaa Becb KOMnneKC 
3aÄan, cToamnx nepe« cnyraHKOM möKoopÖHTaribHOH CB33HOH CHCTCMM, nejiecoo6pa3HO 
4>opMHpoBaTb H3 «B>X HacTeft, Kaac^aa m KOTopwx peuiaeT O#HH öJIOK 3aÄa^ H3 o6mero 
KOMiuneKca. TaKOii nozjxoa peajiH30BaH B RY cnyTHHKOB IRIDIUM. 

3cj)(j)eKTHBHOCTb npHMeHeHHa pa3JiHHHbix THnoB 3PJ[ Majioft MOIUHOCTH npH 
BbinojiHeHHH MeacopÖHTajibHbix nepexojtoB paccMOTpHM Ha npHMepe KA rjioöajibHofi 
CHCTeMbi cßa3H IRIDIUM. B coßpeMeHHOM BapHame nepsoro noKOJieHHa KA Maccofl ~ 
660 Kr 3a#ana flOBbmeaeHHa KA Ha paöonyio opÖHTy H cxo^a c Hee nocjie OTpa6oTKH 
pecypca pemaeTca sjieKrpoHarpeßHbiM ^BHraTeneM (3HJ0 Mosern MR-501 KOMnaHHH Olin 
Aerospace c MaKCHMajibHoii noTpeöJiaeMoM MomHOCTbK) 510 BT, y#ejibHbiM HMnyjibcoM 
280 c H TaroH 330 MH. IIpH BbicoTe opÖHTbi ^ocTaBKH KA paKeTofi-HOCHTejieM H = 500 KM H 

BbicoTe paöoneM opÖHTbi H = 780 KM noTpe6Haa xapaKrepHCTHnecKaa CKopocTb Ha 
ÄOBbrneACHHe c noMombK) öopTOBOH J\Y cocTaBJiaeT ~ 160 M/C. ßjia npeAOTBpameHHa 
3acopeHHa KOCMHHecKoro npocTpaHCTBa oTpaöoTaBinne pecypc KA AOJDKHH nepeBOÄHTbca 
Ha HH3Kyto opÖHTy, ITO TpeöyeT aonojiHHTejibHbix 3aTpaT xapaKTepHCTHnecKOH CKOpocra 
OKOJIO 260 M/C. TaKHM oöpasoM, cyMMapHbie 3aTpaTbi xapaKrepHCTHnecKOH cKOpocra Ha 
BbinojiHeHHe MeacopÖHTajibHbix nepexo,«OB MoryT AOCTHraxb 420 M/C, MTO cooTBeTCTByeT 

cyMMapHOMy HMnyjibcy Tarn ~ 280 KHC. 
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B TaÖJiHue 2 npHBe#eHbi cpaBHHTejibHbie OUCHKH xapaKTepncTHK ÄBHraTenbHOH 
ycTaHOBKH KA IRIDIUM, oöecneraBaiomeH MeKopÖHTaubHbie nepexoßbi, npH 
Hcnojib30BaHHH ajieKrpoHarpeBHoro ppwrarenx (3Hfl), ajieKTpo^yroBoro ABHraTejia (3flfl), 
CTauHOHapHoro rniasMeHHoro ABHraTe.ua (Cüfl) H HOHHoro #BHraTejia (Hfl) npH 
OAHHaKOBOÄ noTpeGjiaeMOH MOIUHOCTH fly N = 510 BT (Küfl CHCTCMH npeo6pa30BaHHa H 

ynpaBjieHHH 3flfl, Cüfl, Hfl npHHHT paBHbiM 0,9; yAeribHaa Macca 6aKOB c paöoHHM TCJIOM 

npHMTapaBHOH yG= 0,09 ana 3Hfl, 3flfl H y = 0,12 nm Cüfl, Hfl). 
Taöjnma 2 

XapaKTepHCTHKH 3Pfly j\m BbinojraeHHa MejKOpÖHrajibHbix nepexoAOB cnyTHHKa 
IRIDIUM 

THH 3Pfl 3HA ^m cn/j H# 

MomHOCTb fly, BT 510 510 510 510 
MomHOCTb 3Pfl, BT 510 460 460 460 
yflejibHbiH HMiryjibc, c 280 500 1200 2500 
KHfl3Pfl 0,8 0,33 0,36 0,5 
Tara, MH 330 62 28 19 

Macca paöonero Tejia, Kr 100 58 24,8 12,0 
Cyxaa Macca 3Pfly, KT 10 9,6 12,5 18,8 
IIojiHaa Macca 3Pfly, KT 110 67,6 37,3 30,8 
Pe3epB no Macce 3Pfly, KT 0 42,4 72,7 79,2 

BpeMa nepexo^a c opÖHTbi 
H= 500 KM Ha opÖHTy =780 KM, cyT. 4 19 42 62 
BpeMa nepexoaa c opÖHTbi pa3Mememra pe3epBHbix KA 
H=650 KM Ha opÖHTy H=780 KM, cyT. 1,7 8,8 19,6 28,9 
BpeMa cnycKa c opÖHTbi H=780 KM Ha opömy H=300 KM, cyT. 6 32 71 105 

rioTpeÖHbiH pecypc^ac. (AJiaAV=420 M/C) 234 1240 2760 4070 

KaK cxreflyeT H3 TaöJtHHbi 2, 3aMeHa 3Hfl Ha Cüfl oöecnenHBaeT pe3epß Maccw ~ 
73 Kr. TaKofi pe3epB Maccbi MoaceT HOSBOJIHTB Ha KA THna IRIDIUM BToporo noKOJieHHa 
noBbicHTb ypOBeHb aHeproooecneneHHa c uejibio yBejwmeHHa MOIUHOCTH 6opTOBbix 
peTpaHcnaTopoB H o;a,HOBpeMeHHo yBejiHiHTt cpoK aKTHBHioro cymecTBOBaHHa KA. fljia 
paccMaTpHBaeMoro "rana HH3KOopÖHTajibHbix KA cpoK aKTHBHoro cymecTBOBaHHa oöbirao 
onpeiiejiaeTca pecypcoM CHCTCMM ajieKTpocHaGaceHHa (C3C). PacnojiaraeMbiM pe3epB Maccw 
no3BoxrHT yBejiH^HTb Maccy C3C npiiMepHo Ha 60-70 %, HTO #acT B03MoacHOCTb yBejiHwn. 
MomHOCTb cojiHeHHOH GaTapen, a Taiöice CHH3HTb rjryÖHHy pa3pa^a aKKyMyjiaTopHbix 
öaTapeK H TCM caMbiM yBejiw^HTb HX pecypc. npeflBapHTejibHbie OHCHKH noKa3biBaK)T, HTO 

3aMeHa 3Hfl Ha Cnfl oöecneTOBaeT pesepB Maccbi, flocTaroHHbiH ßjia yBejinneHHa CHCTCMM 

3JieKTpocHa6aceHHa (H, TCM caMWM, yBejuraeHHa pecypca KA) c HcxoflHoro ypoBHa T= 5 
jieT no 8 jieT. 

B KanecTBe HJunocTpairHH B Taonnne 2 npHBe#eHbi BpeMeHa MOKOpÖHxajibHbix 
nepexoAOB npn Hcnojib30BaHHH B coctaBe fly KA IRIDIUM pa3JiHrabix THnoB 3Pfl. B 
cjiynae Cüfl BpeMa BMBeaerors Ha paöoqyK) opömy c HCXOAHOH onopHofi opÖHTbi (initial 
parking orbit) HJIH C fleacypHOH oponxw cocTaßjiaeT, cooTBeTCTBeHHO, 42 cyroK H 19,6 cyroK. 
yKaaaHHbie   BpeMeHa   BbraeaeHHa   aBJiaioTca   npneMjieMbiMH,   nocKOjibKy   cymecraeHHO 
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MeHbine npOÄOJiÄHTejiMOCTH pa3BepTWBaHHa H aKXHBHoro cymecTBOBaHHa 

paccMaTpiffiaeMOH opÖHTajibHoft CHCXCMW CBA3H. 

HcnojiMOBaHHe Hfl BMecxo CHfl yBejiHHHBaex pe3epB Maccw npHMepHO Ha 8 %, 
HO BpeMa BbinojiHeHM MaHeBpoB, onpe^ejiaeMoe BCJIH^HHOH TUTU, B03pacTaeT B 1,5 pa3a. 

npHBefleHHbie swine pe3yjibxaxw «na cnyxHHKOB IRIDIUM B 3HawreiibHOH CTeneHH 
npHMeHHMbl   K   CnyTHHKaM   HH3KOOp6HTajIBHOH   HaCTH   CHCXCMW   CBH3H   "POCTEJIECAT", 
KOTopwe npe/uxojiaraexca pa3Memaxb na opömax BWCOXOH 700 KM. B HacxHocTH, sxo 
Kacaexca BO3MO>KHOCTH cyiuecxBeHHoro (#o 15 %) coKpameHHa Maccw cnyxHHKOB npH 
Hcnonb30BaHHH B cocTaBe flY fljifl BbinojiHeHH» Me>KOp6HTajibHbix nepexoaoB 3Pfl rana 
Cnfl HJIH Hfl. 3xo o6cxoaxejibcxBO MoaceT 6wTh Hcnonb30BaHO AJia yMeHbuieima 
KC-jnraecTBa nycKOB paKeT-HOCHxejieft H CTOHMOCTH pa3BepxbraaHHa opÖHxajibHofi 
rpynnHpoBKH, BKiHOiaromeö B CBOH cocTaB 91 cnyTHHK. 

B TaÖJiHue 3 npHBeflCHw pe3yjibxaTW OHCHOK Maccw flY fljia BwnojiHeHHa 
Meacop6HTaJibHwx ManeßpoB cnyxHHKa ToHeu" MaccoM 250 Kr , BKJiiOTaa cnycK ero Ha 
3eMJiio c paöonefi opfeTw BWCOTOH OKOXIO 1500 KM. 3«ecb MaccoBwe xapaKTepHCTHKH 3Pfl 

npHHaTW xaK fljia cnyxHHKa IRIDIUM. 
Ta6jiHHa 3 

3axpaxw Maccw Ha 3PflY ÄJia BbinojineHHa MeacopÖHxajibHbix MaHeBpoB cnyxHHKa Tonen" 

THH 3m 3HÄ 3M CUJX IM 

Macca xomiHBa, KT 

Macca 6ai<a, KT 

Macca 3Pfl c oöecneHHBaioiHHMH 
ycxpoficxBaMH, KT 
Cyxaa Macca 3PflY, KT 

HojiHaa Macca 3PflY, Kr 

60,7 
5,5 

1,0 
6,5 

67,2 

45,0 
4,0 

4,4 
8,4 

53,4 

15,7 

1,9 

9,5 
11,4 
27,1 

7,7 
0,9 

17,4 
18,3 
26,0 

C ynexoM /jonojiHHxejibHwx 3aTpaT Ha KOppeicuHK) napaMexpoB paöonefi op6HTw, 
Macca flY cnyxHHKa ToHeu" He npeBWCHT 20 % ox Maccw cnyxHHKa (fljia cnyxHHKa 
IRIDIUM - 19,5 %) xojibKO npH Hcnojn>30BaHHH B 3PflY flBHraTejieft xraia CTIfl HJIH Hfl. 
npH npHHaxwx MaccoBwx xapaKxepHcxHKax KOHcxpyKHHH 3Pfl , xoxa Hfl H o6ecneHHBaex 
MHHHMyM Maccw 3PflY, HO pa3HHHa c CHfl OKa3WBaexca BecbMa He3HaHHTejibHOH. 

2.3. IToAfliepHcaHHe TOHKH cxoaHHa reocxaHHOHapHwx CBa3Hbix MKA 

3$^eKXHBH0cxb Hcnojib30BaHHa 3Pfl B 3HaHHxejibHoK CTeneHH npoaBJiaeTca B 3&JWIQ 

noaflepacaHHa XOHKH cxoaHHa reocTaiiHOHapHoro HC3 CB33H B HanpaBjieHHH Ceßep-K)r (C- 
K3), KaK HaHÖojiee SHeproeMKofi 3a#aMH c XOHKH 3peHHa cooömaeMwx KA cyMMapHwx 
HMnyjibCOB xara. B Hacxoamee BpeMa pa3BHxne xexHOJiorafi reocxaHHOHapHwx cßa3Hwx 
cnyxHHKOB xapaKxeproyexca KaK POCTOM Maccw KA JJO ypoBHa 3...4 H 6ojiee TOHH, xaK H 

pacniHpeHHeM Macuixa6oB Hcnojib30 Banna cnyxHHKOB Maccofi MeHee 1 XOHHW Ha 6a3e 
flocxHMceHHii B oÖJiacxn MHHHaxiopH3ai],HH 3JieMeHX0B KOCMHHecKofl xexHHKH, a xaiace 
Hcnojib30BaHHa xaKHx nporpeccHBHwx pemeHHH, KaK    npHMeHeHHe B flY cnyxHHKOB 
BWCOK03(j><])eKTHBHWX 3Pfl. 

npHMeHHTejIbHO      K      reOCXaUHOHapHWM      KA      CBa3H      CO      CpOKOM      aKXHBHOrO 
cymecxBOBaHHa (CAC) 10 JICT noxpeÖHwfi 3anac xapaKTepncxHHecKOH CKOPOCTH cocxaBJiaeT 
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550 M/C (50 M/C B roÄ Ha KoppeKnrao OP6HXBI B HanpaBJierom CeBep-IOr, 50 M/C Ha 
£™ «o^oo no BJLHB» H «a yBO, c pat*** OP6HX™ oxpa^KH 
pecypca), a «i KA c CPOKOM aKXHBHoro cymecxBOBaHH* 15 nex - 800i M/C. up* xaKOM 
^poBHe xapaKxepHCTH^cKOH CKopocxH HaHÖo^ee noimo npcunuHwm» ÄV Ha 6a3e 3Pfl c 

BHCOKHMyÄejiBHWMHMnyjibcoM-aWHim. „„„«.n-™, CeBeo-IOr 

r
p:;r=IX B Uenxpe K_ C™——^^^ 

30° BpJ« e^ecyxoHHOH paß™ KTOOI* CUR He npeBBimaex 0,8 HacaHpn 3XOM 

noTneÖHBffi oecvpc 3Pfl He npeBMinaex rapanxapoBaHHoro Ha «anno« cxaann paspaöoxKH 
p^ca ToorrOB B ™P

OM H3 wx ÄBHraxe,BHMx ö.OKOB C y.exon «eo6xoÄHMoro 

pesepBupoBBHiw ycTaHaBJimaeTCH no jm xaroBtix MOÄyji». Ta6jinna 4 

3axpaxbi Maccw im 3PflY reocxannoHapHBix CB«3HBIX MKA 

MKA=600 Kr 

CAC=10 jiex 

MKA= 1000 KT 

CAC = 10 Jiex 

KaK cnwyer *3 rrtmw* 4,- npHMeHenne Cllfl Ha cnyxHHKe MUCCOH 600 KT 

oöecne« "KOHOMHK, MaccbI «on» 120 KT no cpaBHeHHK) co ay*** —™™ 
EV «a ocHOBe MdcipoHarpenmix ABHraxejien, HTO nosBOJiaex ycxaHOBHXB 4-5 
™ JLS^ xpaHcnoH^epoB (npn Macce xpancnoHflepa c ynexoM o6ecn™aHimHX 
ScxeMH^ ypol^ 30 Kr . n^ee» Hfl BMecxo CHfl oöecnew «onoaHHxeirBHyK) 
^LZ Zcu ««*> 20 «r, x.e. ycxanoBKy en* OAHOXO ?ono*HHxe=ro 
xpa—epa. 3xox pesy^xax Moacex 6BIXB  MCHO,B30BaH Ha cnyxHHKe -Pycna» - MM . 

m™°~3Tc^m^r «ocxaxoHHO ycxaHOBHXB » KWOM «3 aayx «« 

6HOKOB no xpH xnroBBxx MO*y,a na 6ase onncannBix BBune CHfl. ^^^^ZoZ 
B BHiie xpeyrojiBHHKa nosBOJinex orpaHHWBca pesepBHpoBaHHeM XOUBKO KaxoAOB 
loZZcZZ V^wcuux B 3XOM cirynae B neHxpanBHOH oö.acxH MOW ÄBHrax— 
%Z^w£w* SHHOH) cnyxHHKa np« npHMeneHHH OTA no cpaBHemno co c^aeM 
H^OBaHH^^ MO*ex COCLHXB OKO.O 200 KT, x.e. oöecnewB ycxanoBKy 7-8 

* TKA- TepMOKaTajiHTHHecKHH «BHraTejib 

O.ropiUKOB 



flonojiHHxejibHMx TpaHcnoHßepOB. flonojiHHxejrbHfciH BbinrpMin B Macce npn Hcnojib30BaHHH 
B J\Y crryTHHKa RJ\ MO>Kex aocxnraxb 35 icr, x.e. oöecneHHBarb ycxaHOBKy eme OAHoro-AByx 
TpaHcnoH^epoB. ßaHHbiß pe3yjibxax MOKex 6bixb peajirooBan Ha cnyTHHKax "PycjiaH - M", 
"CeBep-IIM" H aHajiorHHHbix 3apy6e>KHb[x KA. 

3. XojijiOBCKHe H HOHHbie 3PZI Manog MOIUHOCTH 

C ynexoM Toro, HXO xojijiOBCKHe H HOHHWC 3P,Zi; MarioM MOIUHOCXH MoryT ycneuiHO 
AonojiiMTb Äpyr Apyra npn peiueHHH pa3JiHHHbix 3SL%m, xapaicxepHbix «JM MKA, B UcHxpe 
Kenffbima B Hacxoamee BpeM« HCCJieA3'K>xca ABHraxejiH O6OHX XHHOB. Pa6oTa no OöOHM 

HanpaBjieHHAM npoBOAHxca B xecHoit KoonepauHH c Ka^eApofi «3jieicxpHHecKHe paicexHbie 
ABHraTejiH H 3Heprexi«ecKHe ycxaHOBKH KA» MocKOBCKoro aBHaujioHHoro HHCxnxyxa. 

3.1. HoHHbie ABHraTejiH 

OCHOBHOH       OXJIHWTeJIbHOH       OCOÖeHHOCTbK)       HOHHblX       ABHraxeJieH       HBJiaeXCfl 
cnocoÖHocTb 3<])(])eKTHBH0 paöoxaxb npw BMCOKHX CKOpocTax HCTeqeHHJi pa6o*iero xejia. 
Pa6oTa HOHHwx ABHraxejieit HaHÖojiee 3(|)<])eKXHBHa npn B&riHHHHe yAenbHoro HMnyjibca 
CBbiuie 2500 c. 

OcHOBHbie npoöJieMbi npn co3AaHHH HOHHMX ABHIaxeneH Majiofi MOIUHOCXH COCTOHT B 

pa3pa6oTKe ManoraoapHXHofi ra3opa3paAHOH KaMepbi (rPK) H KaxoAa-HeKxpanroaxopa, 
3(j)4>eKTHBHO paooxaiomnx npa HH3KHX ypoBtrax 3Hepronoxpe6jieHH« H Majibix pacxoaax 
paöonero xena. Kpone sxoro, KOMÖHHamta öojibinoro cyMMapHoro HMnyjibca J\Y H HHSKOH 

BejiHqHHw xara (icaic cjieacTBHe BMCOKOH cicopocxH HCxeiieHHa paöonero xejia npn 
orpaHHqeHHOH MOIUHOCXH) HPHBOAHX K xpeöoBaHHio AJMxejibHoro BpeivieHH paöoxw 
ÄBHraxejia - AO 10 xwc. nac. H BHUIC 

CHH>KeHHe 3^(|)eKXHBHocxH pa6oxw rPK npn yMeHbiueHHH ee reoMexpHnecKHx 
pa3MepoB »BJiHexcji CJICACXBHCM pocxa oxHOiiieHHH njiomaAH noBepxHocxeft, Ha Koxopwx 
npoHcxoAHx peKOM6HHaHH5i 3apjDKeHHbix qacxHH, K o6i>euy TPK, rAe OHH HapaöaxbiBaroxca. 
IlpH yMeHbiueHHH MomHocxn 6e3 H3MCHeHHs reoMexpHiecKHX pa3MepoB ABHraxeji« AJIH 

coxpaHeHH« npHeMjieMOH ra30B0H 3<j){j)eKXHBHOcxH HeoöxoAHMO CHHacaxb pacxoA ra3a. 
CHKDKeHne pacxoAa ra3a npHBOAHx K CHHMceHHK) SHeprexHsccKOH S^CKXHBHOCXH, HXO 

Bbi3BaHo yMeHbiueHHeM KOHueHxpanHH HeftxpajiOB B TPK H yBeJiHHeHHeM BepoaxHOcxH 
yxoAa H3 pa3pHAa nepBHHHbix 3jnei<xpoHOB Ha aHOA. 

fljw noAAep>KaHHH B pa6oneM COCXOSTHUH HOJIWX icaxoAOB (KaK KaxoAa FPK, xaK H 

KaxoAa-HeHxpajiH3axopa) xpe6yioxca saxpaxw SHepraH H paöonero xejia. npn CHHJKCHHH 

MOIUHOCXH ABHraxena H HeoöxoAHMoro pacxoAa paöonero xe/ia AaHHbie 3axpaxbi cxaHOBaxca 
3aMexHHMH B oömeM SHeprexHTCCKOM H XOHJIHBHOM öiOA^cexe ABHraxeitH. 

B Hacxoamee BpeMJi B U,eHxpe KeAAtraa nccjieAywxca HOHHbie ABHraxejiH Aßyx 
xHnopa3MepoB - 5-CM H 10-CM npH noxpe6jiaeMOH MOUIHOCXH MeHee 500 Bx2'3 . BHenmHH 
BHA ABHraxejiefi noKajaH na puc. 1 H 2, a Ha pnc. 3 noKa3aH B paöoxe 10-CM HOHHBIH 

ABHraxejib. 

BbixoAHbie napaMexpbi HOHHBIX ABHraxejien npeAcxaB.neHbi B xaoJiHuc 54. 3HaneHHa 
yAejibHoro HMixyubca H KTIJJ, onpeAeneHbi 6e3 ynexa noxepb SHeprnn H paöo^ero xejia B 

KaxoAe-HeiixpajiH3axope, xaioKc He yqxenbi noxepn c AByx3apitAHbiMH HOHaMH. 
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PHC. 1 PHC. 2 PHC. 3 

BuxoflHue napaineTpM HOHHHX ABHraxejieo Manoü MOIUHOCTH 

TaÖJiHija 5 

IIoTpeöJweMaH 

MOHJHOCXb, BT 

Tara, MH yflejIbHHH 

HMnyjifcc, c 
Krm,% 

5-CM 50-140 1-5 3100-3700 50-60 

10-CM 150-500 6-19 2500-3500 55-65 

B xoae paöoT no cowamno 3<|><i>eKXHBHbix Hfl ManoK MOIHHOCXH mpmy c 
xpaflfflmoHHBiMH TexHKraecKHMH peuaeHHaMH HCCJieayioxca HecxaHÄapxHwe cnoco6w 
noBbiuiemia xapaKxepncxiiK flBHrarejiefi. Tax, £Jia oßecneiemw paöoxw nojioro KaxoÄa B 

«aBTopeKHMe» (6es noflorpraa OT cpeunaJibHoro noflorpeBaxena) B Hacxoamee BpeMa 
HCCJiesyexca nojibifi Karo« c ue3HeBMM aKxnaaxopoM BMecxo mnpoKO npHMemnoiHeroca 
LaB6 - aKTHBaTopa. TIpHMeHeHHe Cs oöecneHHBaex öojiee HH3Kyio paöo^yio TeMnepaTypy 
KaxoÄa Koxopaa B SXOM cjrynae He npeBBicnx 800°C . 3xo 6ojiee, neu B Äßa pasa mrae 
paöonefi xeMnepaxypbi xpa^HUHOHHoro LaB6 - naxo^a. CHimeHHe paöoneH xeMnepaxypw 
Kaxofla ecxecxBeHHO npHBe^ex K yMeHbinemHO xemioBbrc noxepB H, Kan cjiescxBHe, K 

cHHaceHHio 3axpax MOHJHOCXH Ha nowepacaHHe «aBxopeacHMa». 
KpoMe sxoro, npn oxpa6oxKe ÄBHraxejieö Hapaay c xpaflHUHOHHHMH 

ycKopHxejibHBiMH CHCxeMaMH, cocxoamHMH H3 Ha6opa iijiocKHx nep4»opHpoBaHHbix 
3jieKxpoflOB, Hccjie^oxca mejieBBie ycKopnxejiBHwe CHCXCMBI cxpyHHO-cxep>KHeBoro xmia, 
B Koxopbix 3MHCCHOHHBIH aneicipOÄ HMeex BbicoKyK) npoapaHHoexb H $opMHPyexca 
cxpyHaMH, a ycKopaiomHH - noflnpyaaiHeHHHMH cxepaowMH H HMeex raraKyio nposparaocxb. 
Tanaa KOHCxpyrama ycKopnxejiBHOH cncxeMW oöecneHHBaex cxaÖHjibHocxb $opMbi 
sjieKxpoÄOB H Morojie^poÄHbix sasopoB npn Harpeße Ha paöonnx pe>KHMax sa ciex 
HcnoJib30BaHHa npyacHHHbix sneMeHxoB. 

YcKopHxejibHaa cncxeMa co meneßoö OHXHKOH HMeex xaioKe HCKOTOPHH sanac no 
pecypcy no cpaBHeittno c xpawHHHOHHOH ycKopnxeJibHOH cHcxeMofi. B noicasaHO, HXO npn 
HcnojibSOBaHHH mejieBOH OHXHKH cinraaexca noxeHnnaji ycKopaiomero ajieKxpoaa, 
HeoöxoÄHMbffl a:ia HaÄe>KHOH OTCCTKH oöpaxHoro noxoxa aneicxpoHOB HS o6nacxH nynKOBOH 
miasMbi 3xo o6ycjiaBJiHBaex cim»eHHe sHepraH HOHOB, BbinaflaiomHx Ha ycKopawmHH 
sjieKxpoA H, KaK cjieacxBHe, nponecc ero pacmajieHHa cxaHOBHxca MeHee HHxeHCHBHbiM. 
KpoMe sxoro B cany HHCXO reoMexpmecKHx coo6pa>KeHHH 6ojibuiaa Macca MaxepHana 
ycKopaiomero 3JieKxpoÄa MO>Kex öbixb pacmaneHa 6e3 ymep6a wia paöoxoenocoÖHoexH 

yCKOpHXeJlbHOH CHCXeMbl. 

OTOpIUKOB 



3.2.XoJiJiOBCKHe ßBHraTejiH Majiofi MOHIHOCTH 

HccjiejiOBaHHa ocoöeHHOCTen ropeHHa pa3pa,n;oB c 3aMKHyTbiM XOJIJIOBCKHM TOKOM 

3JieKTpoHOB B KOJiBiiieBsix 3a3opax }Tca3biBaiOT Ha TO, HTO CTa6HjiBHajT Mo^a pa3pa#a c 
npHeMjieMBiM ypoBHCM HOHH3auHH cymecTByeT npH nnoTHOCTH HOHHoro TOKa - Bbiine 
HeKOTOpOH   BejIHHHHbl.    3T0   03HaHa6T,   HTO   C   yMCHbllieHHeM   nOTpeÖÄaeMOH   MOIIIHOCTH 
yMeiauiaeTca njiomaAb nonepenHoro cenenHa ycKopHTejibHoro KaHajia H cooTBeTCTBeroto 
ero BbicoTa. H3 OöIHHX cooöpa^ceHHH OHCBHäHO, HTO ;uia CHH^CCHHA noTepb HOHOB Ha 
CTeHKax ycKopHTejibHoro KaHana, T.e. fljia noBbinieHHa K03(])<])HnHeHTa H3BjieHeHHa HOHOB 

rjTyÖHHa KaHana aojiacHa 6biib MHHHMajibHoii C yMeHbiueHHeM BMCOTH KaHana AOjraHa 
yMeHbrnaibCfl ero niyÖHHa. BbiBOfl H3 xaKofi jiorHKH paccyacAeHHH COCTOHT B TOM, HTO C 

noHHaceHHeiw noTpeöJiaeMoß MOIUHOCTH cTaHOBHTca öojiee iu,ejiecoo6pa3HbiM npHMeHeHHe 
yCKOpHTejlbHWX KaHajIOB C KOpOTKOH 30HOH ycKopeHHa. 

B   HacToamee   BpeMa   HeT   ycTaHOBHBiHHxca   npeÄCTaßjieHHH   o   cpaBrorrejibHOH 
3^4>eKTHBHOCTH    (JjyHKnHOHHpOBaHHa    KaHajIOB    C    npOTJDKBHHOH    H    KOpOTKOH    30HaMH 
ycKopeHHa B oöjiacra Majibix MomHOCTeft pa3pa/ja. IIosTOMy Ha aaHHOM STane paöoTa no 
XOJIJIOBCKHM 3PJ\ MaJIOH  MOIUHOCTH npOBOAHTCa no flByM HanpaBJieHHHM -  HCCJie^yiOTCfl 
nepcneKTHBbi nojiyneHHa npneMjieMbix BbixojiHbix xapaKTepHCTHK KaK B ÄBHraTejiax THna 
CUJ\, TaK H B flBHraTCJiax THna J\AC. 

B HacToaniee BpeMa pa3pa6oTaHbi H HCCjieAyiOTca ppa THna flBHraTejiefi - X-40 (THna 
Crm) H K-15 (THna J\AC) co cpe^HHM «naMeTpoM KOjibneBoro ycKopHTejibHoro KaHana 40 H 

15 MM cooTBeTCTBeHHo. PacHeiHbiH flHanaJOH noTpeöJiaeMoß MOIHHOCTH K-15 100-300 BT , 
X-40 100-500 BT. 

BHeniHHH BHfl jiaöopaTopHOH Mo^ejiH #BHraTejia X-40 noKajaH Ha pHC. 4 , a 
noApo6Hwe flaHHbie o pe3yjibraTax Hccjie^OBaHHH ABHraTena npe#CTaBjieHbi B 

5 . 3;a;ecb 
jiHinb oTMeTHM, HTO Bbiöpamiaa reoMexpna pa3p»AHoro Kanajia ycKopHTejibHoro 6jioKa B 

coneTaHHH c TonojiorneH MarHHTHoro nojia no3BOJiHjin peanH30BaTb paSonne peacHMbi 
ABHraTejia c KTIJJ, HC HH»ce 30% BO BceM #Hana30He nOTpeÖJiaeMOH MOIHHOCTH, a Taicace 
yMeHbiiiHTb yraoByio pacxo^HMocTb HOHHOTO nynKa Ha Bbixone H3 ABHrarejia c öojibuiHM 
3(J)(J)eKTOM B6JIH3H BepxHero ^Hana30Ha H3MeHeHHa nOTpeÖJiaeMOH MOUIHOCTH. 

HcnwTaHHH ÄBHraTejia X-40 noKa3ajra, HTO 

jjBnraTejib pa3BHBaeT Tary 5-35 MH npn 
noTpe6jiaeMOH MOUIHOCTH 80-540 BT. IIpH 
H3MeHeHHH pacxo^a KceHOHa nepe3 aHOA B 

AHana30He  0,5   -  2,0   MIVC  STO  cooTBeTCTByeT 
I^SF   ^k**^   MM      yaeJibHOMy HMnyjibcy Tarn 800-1785 c H KTIR 0,3 

-   y*3 _ o,58. TOK pa3pa,2ia H3MeHajica OT 0,5 AO 2 A, 
HanpaaceHne pa3pa^a H3MeHajiocb B flHana30He 
100 - 320 B. 

PHC 4 

B HacToamee BpeMa Jia6opaTopnaa MO#ejib ABHraTena K-15 Haxo/iHTCa B CTa#HH 
OTpaöoTKH c nejibio nojiyneHHa BWCOKHX TaroBbix xapaKTepHCTHK B coneTaroiH c 
noHHaceHHOH yrjioBofi pacxo/JHMOCTbio njia3MeHHofi CTpyn, HCTeKaiomeH H3 «BHraTejia. 
BHeuiHH BHA ABHraTejia, 3aKpenjieHHoro Ha niTaHre TaroH3MepHTejibHoro ycTpoftcTBa B 

BaKyyMHOÄ KaMepe siccnepuMeHTaribHOH ycTaHOBKH, noKa3aH Ha PHC 5. 
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PHC. 5 

flBHraxe^ IKBBOJMCT noAynaxB xnry ox 5 Äo 15 MH npn H3MeHeHHH MOIAHOCTH 

pa3paAa B sHanaaone 70-400 Bx H npn mummnn anoAHoro pacxoÄa KceHoaa ox 0,6 w 
0 95 MF/C 3xo cooxBexcxsyex pexmrnn pa6oxbi «BHraxera c yaenuMM HMnyABCOM 850- 
1700 c H KIW ~ 0,3. npmeM HaHAywHe pemum no KTIfl peaJimywxc* nPH pacxo^ax 

KceHOHa nepe3 aHOA OKOAO 0,6 MT/C. 
flamme no aAAeKXHBHOcxH H yflejn>HOMy HMnyABcy isax ana ABHraxejwX-40, xaK H 

ÄBHraxe^ K-15 np^era 6es y^exa pacxoAa paöonero xena Mepes KaxoA-HeHxpaAroaxop, 

KOxopBiH HSMeHHJica B AHanaaone 0,1 - 0,3 uric B O6OHX CAy^anx. nafiomTODHHX 
TaKHM o6pa30M, cpaBHenne HCcnenoBamna peaotMOB paGoxBi Aa6opaxoPHBix 

MOAenett' XOJIAOBCKHX ABHraxeAefi wyx THHOB no3BOA»ex cnenaxi. BB!BOA O TOM HXO 

ABnraxeAH HMewx cpaBHHMBie xapaKxepncxHKH B ananasone nonpe&nreMOH MOIAHOCXH 100- 
300 Bx   npn  aHepronoxpeÖAeHHH  CBBime  300 Bx ABHraxeAB  X-40  paöoxaex 6onee 

3(J)(|)eKXMBHO. 

3aKAtoqeHHe 

XoAAOBCKHe H HOHHwe ABHraxeAH MaAon Momnocxn Moryx naftxH npHMenenne B 

cocxaBe ABHraxeABHBix ycxanoBOK MaABix KOCMHTOCKHX annapaxoB Hanaro noKOAenra. 
npnneM AaHHBie THFLBI ABHraxeAefi Moryx ycnenmo npHMemxxBC* JW P™QW*om™™™* 
Zß* B KOCMOce, a npeanonxeHHe xoMy HAH HHOMy ÄBHraxeAK> Mo^ex 6BITB oxaano, 
nanpHMep, HCXOA* H3 BBICOXBI paöonefi ap&m. HAH xpeoOBaffiril onepaxHBHOCx« pen« 

3a*aHHC yroiOM ymannBix oöcxoaxeABCTB B IJenxpe KewHma paspaöaxBiBaioxca H 

HCCAeaywxca o6a xnna ABHraxeAefi B oÖAacxn MaABix naipebjweMHX Momnocxen. 
5-cM H 10-CM KcenoHOBBie jmnmm ooecnenHBaiox noAyneHne XAFH H yÄeJOHoro 

„MnyABca B Ananaaonax 1 - 19 MH H 2500 - 3700 c cooxBexcxBenno nPH noxpeÖAaeMOH 

MOIAHOCXH^-^    ^oBHuieHHH    xapaKTepHCTHK    HOHHBix    ABHraxeAefi    HCCAeAyioxca 

HexpaAHunoHHBie cxeMBi HOJIHX KaxoAOB H ycKopwrenbHMX cncxeM. 
XoAAOBCKHe ABHraxeAH c saMKnyxBiM ApeH<j)OM 3AeKxpoHOB xnna OIA H rana AAV. 

nPH anepronoxpeÖAeHHH B AHanasone 70-540 Bx no3BOAHK>x noAynaxB xary ox 5 Ao 35 MH 

npn vaeABHOM HMnyABce 800-1700 c. n^„ar, 
Hapaay   c   oöecneMeHHeM   BBICOKHX   HHxerpanBHBix   xapaicxepHCXHK   ABHraxejien 

HCCAeAyK)xcA nyxH cmraeHHfl yraoBOH pacxoAHMocxH njia3MeHHOH cxpyn. 
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Abstract 

Current world significant expansion of works in the field of design and application of 
small spacecraft with mass of tens and hundreds kilograms has indicated the necessity in 
Electric Propulsion thrusters with low level of power consumption - less than 500 W. The 
most efficient thrusters at this power range are ion and Hall thrusters, which provide 
maximum possible propellant exhaust velocities together with comparable high efficiency 
rates. These thrusters may be successfully applied for similar space missions and preference 
to one or another type of thrusters can be defined either due to manoeuvre time requirements, 
specifically to orbit raising task, or due to satellite working orbit altitude (atmospheric drag 
compensation). In this paper parameters of low-power EP, investigated in KeRC, are 
presented: 5-sm and 10-sm ion thrusters with 50-500 W power range and Hall thrusters with 
long (stationary plasma thruster) and short (thruster with anode layer) accelerating zones at 
100-500 W utilised power range. 

1. Introduction 

To date the development of Electric Propulsion thrusters with power rate less than 1 
kW can be certainly considered one of the most important technology advances. It is a result 
of the leading tendency in world-wide current space activities - sharp expansion of works on 
design and use of new generation of small spacecraft. Strict requirements, put on mass ratio 
of auxiliary spacecraft systems, and aspiration to increase the time of spacecraft active 
operation lead to the necessity of economical propellant utilisation in rocket engines of 
propulsion control systems. 

Therefore the application of electric propulsion looks more advantageous compared 
with conventional chemical low-thrust propulsion systems. This advantage of electric 
propulsion can be expressed by higher propellant exhaust velocity compared with chemical 
propulsion. 

However with thrust specific impulse increase required thruster power also increases at 
appointed thrust rate. This leads to on-board power supply system mass growth and all power- 
propulsion unit mass growth. For the majority of modern perspective tasks the required thrust 
specific impulse range is 1000-3000 s. 

New generation of small spacecraft is mainly developed for communication, 
telecommunication and remote sensing tasks. The typical mass of communication or remote 
sensing small spacecraft is 250-750 kg. According to up-to-date power-to-weight ratio level - 
1 W/kg, and its future increase up to 2-3 W/kg power rate 50-750 W can be considered to 
allocate for EP system needs. 

Analyses on effectiveness of EP use on small spacecraft, made in KeRC, indicated that 
EP system, based on ion thrusters, has minimal mass when solving the tasks, characterised by 
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the set of high thrust specific impulse rates (characteristic velocity), and when the time to 
complete the manoeuvre is not limited1. These tasks specifically are: 

• atmospheric drag compensation of low-orbit remote sensing spacecraft with 300-500 
km typical orbit altitude; 

• small spacecraft orbit raising from basic orbit (300-500 km) to operating orbit (700- 
1500 km) and de-orbiting from operating orbit to Earth atmosphere; 

• orbit correction of light GEO spacecraft with mass rate less than 1000 kg. 
The typical level of thrust specific impulse for ion thrusters, which was taken into 

account during analysis, is 3000 s. 
However at EP appointed power rate and comparable efficiency rates the more high 

levels of thrust specific impulse is provided with less thrust level and vice versa. And thrust 
level is directly connected with manoeuvre completion time effectiveness. Thus with thrust 
specific impulse increase manoeuvre completion time also increases, i.e. effectiveness 
decreases. 

Therefore with time limits presence on small spacecraft manoeuvre it becomes sensible 
to use EP with more low propellant exhaust velocity and more high thrust level, that will 
make it possible to increase the time effectiveness of solving task at similar thruster utilised 
power rate. Besides, for some tasks, for example, atmospheric drag compensation of low- 
orbit spacecraft, the optimal value of specific impulse can be less than 2000 s, i.e. below the 
range, which is the most preferable for ion thrusters. 

In such cases it might be more advantageous to use Hall thrusters, for which 1000- 
2000 s specific impulse range is considered to be developed. 

In present paper analysis on effectiveness of low-power EP application on small 
spacecraft of different puiposes is adduced. The aim of it is to obtain the optimal value of 
thruster specific impulse depending on spacecraft operation altitude. The characteristics of 
low-thrust xenon EP thrusters, investigated in KeRC - 5-cm and 10-cm ion thrusters with 50- 
500 W power range and Hall thrusters with long acceleration zone (stationary plasma thruster) 
and short acceleration zone (thruster with anode layer) with 100-500 W power range, are also 
presented. 

2. The effectiveness of low-power EP thrusters application on small spacecraft of 
different purposes 

2.1. Atmospheric drag compensation of remote sensing small spacecraft 

The most efficiently this task may be solved with EP. In order to provide minimal total 
mass of power-propulsion system it is extremely important to choose rational EP type, 
optimal power Nopt and thrust specific impulse (Isp)0pt. 

It can be shown that (Isp)0pt does not depend on parameters, characterising power 
utilisation of aim systems, spacecraft size and spacecraft mass, but depends only on power- 
mass perfection level of power propulsion system (PPS) elements, spacecraft operation time 
and orbit altitude (H). 

In Table 1 calculation results for efficiency of 35 % at specific impulse of 1300-1500 s 
(low-power Hall thrusters working range) and for 45 % at specific impulse of 3000-3500 s 
(low-power ion thrusters working range) are presented. Estimations were made for maximum 
atmospheric density at 100 kg/kW of PPS specific mass for two variants of solar battery 
(SB) specific power (NSB) at the end of lifetime - 100 and 200 W/m2. Spacecraft operation 
time was equal to 5 years. 
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Table 1 

EP optimal parameters for various spacecraft orbits 

H,km 

(NEp)opt, 

W 

(Isp)opt , s 

NSR -100 W/m2 

NSB
=200 W/m2 

NSB=100 W/m2 

1300 

300 

280 

230 

1500 

320 

NSR^200 W/m2 310 

290 

210 

3000 

400 

350 

280 

95 

3500 

440 

390 

50 

130 65 

From this Table it is clear that for the altitudes near 300 km it is sens me: to use Hall 
thrusters and for the altitudes near 400 km - ion thrusters. Moreover, for accepted task 
req^emems, optimal power for Hall thrusters is above 200 W and for ion thrusters - less than 

150 therefore parameters estimation of EP systems, compensating atmospheric drag on 
^.o"QlZnä^ä that depending on spacecraft working orb, altitude both low- 

power thruster types application can be optimal. 

de-orbiting   of   low-orbit   constellations   of   small 2.2.   Orbit   raising   and 
communication spacecraft 

All range of tasks, solved with propulsion system of satellite, included in low-orbit 
communication constellation, can be divided into two blocks: mmnpnw,n 

.working orbit parameters correction, including atmospheric drag compensation, 
pai-nZ« «dLe to position in orbit constellation and, for some cases, parameters 

keePm^he c^^^lt transfers, including orbit raising and de-orbiting of used 

SatellitBeside the essential functional difference these two blocks of tasks for propulsion 
V*JS££X* than order of magnitude) differ on reserve of propulsion system 

ChafaCT^^ on correction of working orbit parameters 
^«^^Zo low-orbit constellations, are about 4 m/s annually and even at active 
operation lifetime equals to 8 years it will not exceed 30 m/s 

The typical operating altitudes for low-orbit communication constellations are 800, 
1500 and 2000 km The reserves of propulsion system characteristic velocity (AV), necessary 
for L-oSg from these altitudes are 333, 672 and 888 m/s, correspondingly If accept that 
Z cLnSalthude during orbit raising manoeuvre is 200 km independent of working orb 
ÄÄSi of characteristic velocity on mter-orbit transfers realisation will 
be 440 764 and 972 m/s for altitudes ofworking orbits, mentioned above. 

It is necessary to mention that realisation of described two blocks of tasks for onboard 
oro J onTystemThould be carried out at essentially different regimes of satellite systems 
Sa^ÄSution of first block tasks takes place during the period rf^opn^ 
oftarget^nented apparatus, which in this case is the mam power consumer, then at 
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realisation of second block tasks the work of target-oriented apparatus is not executed. That is 
why there is the reserve of electric power. 

Due to circumstances, written above, on-board propulsion system, solving all range of 
tasks, confronting satellites of low-orbit communication constellation, is reasonably to form 
from two parts, each of those will solve one block of tasks from the all range. Such approach 
was realised in propulsion systems of IRIDIUM satellites. 

Application effectiveness analysis of different types of low power EP thrusters at 
inter-orbit transfers realisation can be illustrated on spacecraft of global communication 
system IRIDIUM. In modem variant of first generation spacecraft with mass of 660 kg the 
orbit raising and de-orbiting tasks are solved with electric thermal thrusters MR-501, made by 
PRIMEX Aerospace Corp., with maximum utilised power equals to 510 W, specific impulse - 
280 s and thrust - 330 mN. At basic orbit altitude H=500 km, achieving with launcher, and 
working orbit altitude H=780 km, the required characteristic velocity on orbit raising with on- 
board propulsion system is approximately 160 m/s. In order to prevent space debris exhausted 
spacecraft should be de-orbited on low orbit, for example, on H=300 km altitude, that takes 
additional expense of characteristic velocity - near 260 m/s. Thus, the total expense of 
characteristic velocity to fulfil inter-orbit transfers can reach 420 m/s, that corresponds to total 
thrust impulse ~ 280 kNs. 

In Table 2 there are comparative estimations of IRIDIUM spacecraft propulsion 
system characteristics, providing inter-orbit transfers, using electric thermal thruster (ETT), 
arcjet, stationary plasma thruster (SPT) and ion thruster (IT) at similar utilised power of 
propulsion system N=510 W (efficiency of PPU unit, used with arcjet, SPT and IT, was 
assumed to be 0,9; specific mass of propellant tanks was assumed to be yt=0,09 for ETT and 
arcjet, and yt=0,12 for SPT and IT). 

Table 2 

Parameters of EP systems for carrying out the inter-orbit transfers of IRIDIUM satellite 

THRUSTER TYPE ETT ARCJET SPT IT 

Propulsion system power, W 510 510 510 510 
Thruster power, W 510 460 460 460 
Specific impulse, s 280 500 1200 2500 
Thruster efficiency 0,8 0,33 0,36 0,5 
Thrust, mN 330 62 28 19 
Propellant mass, kg 100 58 24,8 12,0 
EP system dry mass, kg 10 9,6 12,5 18,8 
EP system overall mass, kg 110 67,6 37,3 30,8 
EP system mass reserve, kg 0 42,4 72,7 79,2 
Duration of transfer from orbit H=500 km 4 19 42 62 
to orbit H=780km, days 
Duration of transfer from reserve spacecraft 1,7 8,8 19,6 28,9 
deployment orbit H=650 km to orbit H=780 km, days 
Duration   of      de-orbiting   from   H=780   km   to 6 32 71 105 
H=300 km, days 

Required lifetime, hours (for AV=420 m/s) 234 1240 2760 4070 
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It can be seen from Table 2, ETT replacement on SPT provides mass reserve -73 kg. 
Such mass reserve on second generation of IRIDIUM type spacecraft can make it possible to 
increase the level of power consumption in order to increase the power of on-board 
retransmitters and at the same time to increase spacecraft active operation lifetime, tor 
discussed type of low-orbit spacecraft active operation lifetime usually is determined by 
power supply system (PSS) lifetime. Existing mass reserve will allow to increase the mass ot 
PSS approximately on 60-70%, that gives the possibility to increase the solar array power and 
to lower the depth of accumulator batteries discharge and therefore to increase its lifetime. 
Preliminary estimations show that ETT replacement on SPT provides mass reserve sufficient 
for increase of PSS lifetime (and thus spacecraft lifetime increase) from   initial level T 5 

years to T = 8 years. .      ..„      .. .. 
As an illustration in Table 2 duration of inter-orbit transfers, using different types ot 

EP thrusters as a part of IRIDIUM spacecraft propulsion system, are presented. In SPT case 
time of transfer from initial parking orbit or from duty orbit is 42 and 19 6 days, 
correspondingly. Indicated transfer duration times are appropriate because they are 
significantly less than duration of deployment and active operation of discussed orbital 
communication system. - 

Use of IT instead of SPT increases mass reserve approximately on 8/o but manoeuvre 
realisation time, determined with thrust level, will increase in 1,5 times. 

Results for IRIDIUM satellites, described above, can be sufficiently applied to satellites 
of low-orbit part of communication constellation «ROSTELESAT», which are planned to 
deploy on orbits with altitude of about 700 km. In particular, this concerns the possibility ot 
significant (up to 15 %) reduce of satellites mass in the case of using EP thrusters ot SP1 or 
IT types as a part of propulsion system for inter-orbit transfers. This circumstance can be used 
for reduce of number of launches and cost of orbital constellation deployment, including 91 
satellites 

In Table 3 there are the results of propulsion system mass estimations for inter-orbit 
transfers of «Gonets» satellite with mass equals to 250 kg, including its de-orbitmg from 
working altitude of about 1500 km. Here EP thrusters mass characteristics are accepted 
similar to IRIDIUM satellite case. 

Table 3 

Mass expenses on EP system for inter-orbit transfers of «Gonets» satellite 

THRUSTER TYPE ETT ARCJET SPT IT 

Propellant mass, kg 60,7 45,0 15,7 7,7 
Tank mass, kg 5,5 4,0 1,9 0,9 
Thruster with subsystems mass, kg 1,0 4,4 9,5 17,4 
EP system dry mass, kg 6,5 8,4 11,4 18,3 
EP system overall mass, kg 67,2 53,4 27,1 26,0 

According to additional expenses on correction of working orbit parameters, the mass 
of EP system on «Gonets» satellite will not exceed 20 % from satellite mass (for IRIDIUM 
satellite - 19 5 %) if using SPT and IT thrusters in satellite EP system. At accepted mass 
characteristics of EP thruster design, IT provides minimum of EP system mass but difference 
with SPT is insignificant. 
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2.3, Orbit keeping of small geostationary communication satellites 

The effectiveness of EP thrusters application is sufficiently become apparent in the task 
of orbit keeping of geostationary communication satellite in North-South (N-S) direction, as 
the most power-intensive task from total thrust impulses, applied to spacecraft, point of view. 
Nowadays the development of geostationary communication satellites technologies is 
characterised by spacecraft mass increase up to level of 3...4 and more tones, scales widening 
of application of satellites with mass less than 1 ton, based on achievements in the field of 
miniaturization of space techniques elements; and also by using such progressive decisions as 
application of high-efficiency EP thrusters in satellites propulsion system. 

Conformable to geostationary communication spacecraft with 10 years of active 
operation lifetime the required rate of characteristic velocity is 550 m/s (50 m/s annually on 
North-South stationkeeping, 50 m/s on orbit raising and on de-orbiting), and for spacecraft 
with 15 years active operation lifetime - 800 m/s. At such level of characteristic velocity the 
most efficient are propulsion systems on the base of EP thrusters with high specific impulse - 
SPT and IT. 

For example, as analysis showed, effective North-South correction of geostationary 
spacecraft with mass equals to 600 kg can be provided by KeRC designed SPT with nominal 
consumed power of 330 W, thrust - 18 mN and specific impulse - 1350 s. At 10 years of 
active operation lifetime the required lifetime of EP system will not exceed 6000 hours at 
thruster installation angle of 30° relative to North-South direction, which is typical for SPT. 
Daily working time of each SPT will not exceed 0,8 hour. In this case the required thruster 
lifetime will not be above 3000 hours - the guaranteed rate on this stage of development. In 
each of two propulsion units together with necessary reservation two thrust modules are 
installed. 

Table 4 
Mass expenses in EP systems of small geostationary communication satellites 

THRUSTER            TYPE TCT* ETT ARCJET SPT IT 

* SP.JS 230 300 500 1350 3000 
NPS,W 0 400 600 400 400 
aB 0,09 0,15 

Mspacecraft-600 
kg 
Lifetime=10 
years 

Mpropellant. kg 154,6 134,8 84,3 34,8 15,6 
AMpropeiiam.kg 0 19,8 70,3 119,8 139,0 

MpS, kg 199,3 184,2 125 64,7 45,6 

AM pS. kg 0 15,1 74 135 154 
MSpacecraft=    1000 
kg 
Lifetime   =   10 
years 

Mpropellant, kg 258,0 224,4 140,3 58,0 26,1 

AMpropellant! kg 0 33,6 117,7 200,0 231,9 

MpS, kg 323 293 197 91,6 57,1 
AM pS. kg 0 30 126 231 266 

TCT - thermocatalytic thruster 
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As can be seen from Table 4, the use of SPT on satellite with mass of 600 kg provides 
mass economy of about 120 kg comparing with the case of application of propulsion system 
based on ETT that gives the possibility to install 4-5 additional transponders (at mass of 
transponder and its subsystems of about 25-30 kg). IT use instead of SPT will provide 
additional mass economy of about 20 kg, i.e. installation of one additional transponder. This 
result can be used on «Ruslan - MM» satellite and analogous foreign spacecraft. 

On spacecraft with 1000 kg mass it is reasonable to install three thrust modules in each 
of two propulsion units. Thrusters triangular arrangement allows to reserve only cathode- 
compensators, placed in that case in the central area between the thrusters. Mass economy for 
this satellite, using SPT, can be about 200 kg comparing with the case of arcjet application, 
i e it can provide the installation of 7-8 additional transponders. Additional mass economy at 
IT application in satellite propulsion system can achieve 35 kg, i.e. it gives the possibility to 
install 1-2 more transponders. This result can be realised on «Ruslan - MM», «Sever - PM» 
satellites and analogous foreign spacecraft. 

3. Low-power Hall and ion thrusters 

According to the fact, that low-power Hall and ion thrusters can successfully be the 
complement of one another, solving different tasks, typical for small spacecraft, both types of 
thrusters are investigating in KeRC. These works are carrying out in close co-operation with 
«Spacecraft Electric Propulsion and Power Plants» Department of Moscow Aviation Institute. 

3.1. Ion thrusters 

Ion thruster main peculiarity is ability to effectively function at high propellant 
exhaust velocities. Ion thruster operation is the most effective at specific impulse rate above 

2500 s- •   , J   J   ■       *      11 The main problem in low-power ion thruster development include design ot smaii- 
sized discharge chamber and neutralise^ which will be able to function effectively at low 
level of energy consumption and low propellant flow rates. Besides, the combination of high 
total specific impulse of propulsion system and low thrust level (as a result of high propellant 
exhaust velocity at limited power) leads to the requirement of thruster long duration operation 
period - up to 10 thousand hours and above. 

Decrease in efficiency of discharge chamber work due to its geometrical size reduce is 
a result of increase in ratio between surface area, where charged particles recombination 
takes place, and discharge chamber volume, where these particles are created. With power 
decrease without thruster geometry changes, in order to keep the acceptable gas efficiency 
rate, it is necessary to reduce the mass flow rate. This leads to power utilisation efficiency 
decrease due to neutrals concentration decrease within discharge chamber volume and to 
increase of probability of primary electrons losses in anode. 

To keep hollow cathodes working (as discharge chamber cathode as cathode- 
neutraliser) it is necessary to provide some power and propellant utilisation rates. With 
thruster power and required propellant flow rate reduce these utilisation rates become 
significant within the total thruster power and propellant budget. 

Currently, in KeRC ion thrusters with two typical sizes, 5-cm and 10-cm, at utilised 
power rate less than 500 W, are investigating 2' \ Thrusters general view is shown on Figures 
1 and 2. On Figure 3 10-cm ion thruster during operation is shown. 
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Fig. 1. 10-cm ion thruster general 
view 

Fig. 2. 5-cm ion thruster 
general view 

Fig. 3. 10-cm ion thruster 
during operation 

Ion thrusters output parameters are presented in Table 54. Specific impulse and 
efficiency rates are written without power and propellant mass losses in cathode-compensator 
account. Also double-charged ions losses were not taken into consideration. 

Table 5 
Low-power ion thrusters output parameters 

Power, W Thrust, mN Sp. impulse, s Efficiency, % 

5-cm thruster 50-140 1-5 3100-3700 50-60 

10-cm thruster 150-500 6-19 2500-3500 55-65 

During the work on effective low-power ion thruster development, together with 
traditional ways, some original ways to increase thruster parameters are working out. Thus, to 
ensure «autoregime» of hollow cathode (i.e. without heating from special filament), 
hollow cathode with caesium activator instead of wide used LaB6-activator is investigating. 
Cs application provides more low cathode working temperature, which in this case is less than 
800°C. This is more than two times less than working temperature of conventional LaB6 

cathode. Cathode working temperature decrease essentially leads to thermal losses decrease 
and finally to decrease of power losses at «autoregime» maintenance. 

Moreover, during thrusters development, together with traditional accelerating 
systems, consisting of flat perforated electrodes, slot accelerating systems of stringed-pivotal 
type are working out. Here the emission electrode has high transparency and is formed with 
strings, and accelerating electrode is formed with springy pivots and has low transparency. 
Such accelerating system design provides electrodes shape stability and constant inter- 
electrode spacing during heating process at working regimes due to spring elements use. 

Accelerating system with slot optics also has some reserve on lifetime comparing with 
conventional accelerating system. It is shown in3 that when slot optics is used, accelerating 
electrode potential, required for effective cut of electrons back flow from plasma plume area, 
decreases. This leads to decrease in energy of ions, falling on accelerating electrode, and as a 
result the process of its erosion becomes less intensive. Besides, from exclusively geometrical 
point of view, more material mass of accelerating electrode might be sputtered without 
detriment to accelerating system work. 
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3.2. Low-power Hall thrusters 

Peculiarities research of discharges with closed drift of electrons in circular clearances 
indicated that stable discharge mode with acceptable ionisation level exists at ion current 
density above a certain value. It means that with utilised power decrease, accelerating channel 
cross area and height also decrease. From general point of view it is evident that to reduce the 
ion losses on accelerating channel walls, i.e. to increase ions extraction coefficient, the 
channel depth should be minimal. With channel height decrease, its depth will also decrease. 
The conclusion from these logical speculations is that with utilised power decrease it becomes 
more sensible to use accelerating channels with short accelerating zone. 

Up-to-date there are no established idea about comparative effectiveness of function 
of channels with long and short accelerating zones at low power discharge. Therefore, on this 
stage, the work on low power Hall thrusters is carrying out on two directions - as for SPT, as 
for TAL thrusters the perspectives to obtain acceptable output parameters are investigating. 

To date, two types of thrusters are developed and tested - X-40 (SPT type) and K-15 
(TAL type) with average diameter of circular accelerating channel equal to 40 and 15 mm 
correspondingly. The calculating range of utilised power is 100-300 W for K-15 and 100-500 
W for X-40. 

X-40 laboratory prototype general view is shown on Figure 4 and detailed information 
about thruster test results are presented in 5. Here it is necessary only to mention that chosen 
geometry of discharge channel in accelerating unit together with 
magnetic field performance mapping made it possible to realise thruster working regimes 
with overall efficiency not less than 30 % within all utilised power range and effectively 
reduce angular divergence of ion beam on thruster outlet near upper level of utilised power 
range. 

X-40 tests indicated that thruster was able to 
provide 5-35 mN of thrust at 80-540 W of utilised 
power rate. Within 0,5-2,0 mg/s of xenon flow rate 
throw anode, this corresponded to 800-1750 s of thrust 
specific impulse and 0,3-0,58 of overall efficiency. 
Discharge current changed from 0,5 to 2 A, discharge 
voltage changed in 100-320V range. 

Fig. 4. X-40 laboratory prototype 
general view 

Presently the state of the work on this laboratory prototype K-15is at the stage 
of high thrust characteristics obtaining at reduced angular divergence of plasma beam, 
exhausted from thruster. General view of thruster, fixed on bar of thrust-measured device in 
test bench vacuum chamber, is shown on Figure 5. 
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Fig. 5. General view of thruster, fixed on bar of 
thrust-measured device in test bench vacuum chamber 

Thruster provides thrust from 5 to 15 mN at discharge power variation within 70- 
400 W range and at anode xenon flow rate variation from 0,6 to 0,95 mg/s. This corresponds 
to thruster working regimes with 850-1700 s of specific impulse and 0,3 of overall efficiency. 
Moreover, the best regimes on efficiency are realised at xenon flow rate throw anode near 0,6 
mg/s. 

Data on efficiency and specific impulse as for X-40 thruster as for K-15 thruster are 
presented without taking into consideration the cathode-neutraliser propellant flow rate, 
which in both cases was within 0,1-0,3 mg/s range. 

Conclusion 

Low-power Hall and ion thrusters may find its application as a part of propulsion 
systems on new generation of small spacecraft. Moreover, these types of thrusters may be 
successfully used for similar tasks in space and preferences to one or another type might be 
defined, for example, due to the working orbit altitude or required time effectiveness of task 
to be solved. 

Besides, parameters estimation of EP system, able to compensate the atmospheric 
drag on low-orbit spacecraft, indicates that depending on spacecraft working orbit altitude 
both Hall and ion thrusters applications may be optimal. 

According to these circumstances both types of thrusters with low level of utilised 
power are designing and investigating in KeRC. 

5-cm and 10-cm xenon thrusters provide thrust and specific impulse in the range of 
1-19 mN and 2500-3700 s correspondingly at 50-500 W of utilised power rate. 

To improve ion thrusters parameters original design of hollow cathodes and 
accelerating systems are developing. 

Hall thrusters with closed drift of electrons of SPT type and TAL type within 70- 
540 W of power range provide thrust level from 5 to 35 mN at 800-1700 s of specific 
impulse. 

Together with ensuring of thrusters high integral parameters, ways to reduce plasma 
beam angular divergence are also investigating. 
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XapaKTepncTHKH Cim Ma.noii MOBU(HOCTH. 

B. KHM, B.H. KO3JIOB, A.B. JIa3ypeHKO, A.H. CKPBUIBHHKOB 
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B CBH3H co Bee 6ojibuiHM BHHMaHHeM K Hcnojib30BaHHio Manopa3MepHBix HC3 
B KocMH^ecKOH TexHHKe npe,qcTaBnaeT HHTepec pa3pa6oTKa aneopopaKeTHBrx 
ABHraTejiefi (3PJ0 H, B HacTHocra, CTaunoHapHBix nna3MeHHBix nBHrarenen (CUff) 
ManoH MomHocTH. B nasmou ÄOKJia^e npencTaBneHBi pe3yjibTara pa3pa6oTKH H 

SKcnepHMeHTajibHoro HccjieflOBaHHa xapaKTepHCTHK Moaeneft CUR, cnocoÖHBix 
oGecneHHTb yzjOBnexBopHTenBHBie THroBtie xapaKTepHCTHKH B /nianasoHe MOIHHOCTCH 

(50-250) BT. 3TH MO/jejiH HMCIOT HapyacHbiH nnaMeTp ycKopHTejitHoro KaHana OT 20 
flo 30 MM H ypoßeHB raroBoro K.n.n,. (20-35)% B yKa3aHHOM n,Hana30He MomHOCTefi 
npa y^ejiBHbix HMnynBcax (1000-1500) c. TaKHM o6pa30M, co3ßaHHbie «BHraTenn Ha 
ocHOBe yKa3aHHBix MOflejien Moryr ycneniHO npHMeraTbCH B cncxeMax KoppeKHHH 
op6nTBi H opneHTaHHH Majiopa3MepHBix HC3. 



Low - power SPT Performance. 

V. Kim, V.l. Kozlov, A.V. Lazurenko, A.I. Skrylnikov 
RIAME MAI 

4^Volokolamskoe shosse, Moscow, 125810, Russia 
Tel.: (095) 158-0020 
Fax:(095)158-0367 

There is a growing interest to the utilisation of small satellites in space 
technology. Taking into account this interest a development of low - power Electric 
Propulsion Thrusters (EPT) and Stationary Plasma Thrusters (SPT) in particular is of 
great importance. Results of development and experimental studies of SPT laboratory 
models capable to provide satisfactory thrust performance in the power range (50- 
250)W are presented in this paper. These thruster models have an external diameter of 
accelerating chamber in the range 20-30 mm and thrust efficiency level of (20-35)% in 
the above mentioned power range at specific impulses (1000-1500) s. Therefore 
thrusters created on the base of these thruster models could be successfully used for the 
small satellite orbit transfer, station keeping and attitude control. 
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B cTaTBe paccMoxpeHBi npo6jieMBi, B03HHKaioiirHe npn pa3pa6oTKe Majibix 
. CTauHOHapH&rx njia3MeHHBix flBHraTejieu (Cim) H npeflCTaBjieHBi HeKOTopBie pe3yjnvraTbi HX 

Hccjie^oBaHHH, a HMeimo: o6injHe coo-raomeHHa, OTpaKaioiHHe 3aBHCHMOCTB xapaicrepHCTHK 
ÄBHraTena OT ero pa3MepoB; pe3yjitTaTti HcnbrraHHH cneuHanBHOH jiaöopaTopHOH Mo^ejin 
Cn/1,-80, HJunocTpHpyioinne orpaHHHeHHa, BBBBiBaeMBie BJiHanneM Macnrra6Horo 4>aKTopa; 
pe3yjiBTaTti pa3pa6oTKH H HccjieaoBaHHH Cim-30 H Crm-25. 3TH ^aHHBie noffiBepHwaioT 
BO3MO>KHOCTB o6ecneneHHa TaroBoro YHJ\ ycKopHTejia (paccHHTaHHoro 6e3 yneTa pacxo.ua 
paöonero xeiia B KKTOJ\) Ha ypoBHe 0.25...0.30 B «Hana30He Moiin-iocTeH (100-250) BT npn 
y^ejiBHOM HMnynBce (1000-1400) c H pecypce ABHrarejia (500-1000) nacoB. 

BeefleHiie. 

OflHOH  H3   TeHfleHHHH  B  pa3BHTHH   COBpeMeHHOH   KOCMHHeCKOH  TeXHHKH  SBJiaeTCa 
nepexofl K HcnojiB30BaHHio ManBrx KA, no3BOJiaromHx CHHSHTB CTOHMOCTB peamaßauHH 
KOCMHHecKHx MHCCHH. TaKHM o6pa30M, B03HHKaeT HeoöxoflHMOCTB pa3pa6oTKH a/jeKBaTHBIX 
ABHraTejibHbix ycTaHOBOK (ßy) H, B nacTHocTH, J\Y Ha 6ase ajieKTpireecKHX paiceTHBix 

MiBHraTenefi jym MajiBix KA. ITpHHHMaa BO BHHMaHHe 6OJIBHIOH H ycneniHbrä onbiT 
Hcnojib30BaHHa Cn^ B KanecTBe KoppeKTnpyioiirHX flBHraTejieii, ecTecTBeHHO HccJieflOBaTB 
xapaicrepHCTHKH ^BHraTeneH sroro rana c yMeHBiueHHbiM pa3MepoM H MOIHHOCT&K). 

HMeeTCH HecKOJiBKo (J)H3HHecKHx ocoöeHHOCTeii, orpaHHHHBaK)Hi:Hx ypoBeHB TaroBoro Kn.Ii; 
co cHH^ceHHeM HX pa3MepoB. ßjia xoro, HTO6BI HCCjie^OBaTB 3TH OCOöCHHOCTH, B HHHIIM3 
ÖBijia pa3pa6oTaHa, H3roTOB.neHa H HcnBiTaHa B mnpOKOM AHana30He paSonnx POKHMOB 

jia6opaTopHaa Mo^ejib CU^-SO. KpoMe Toro, öBIJIH pa3pa6oTaHBi H HcnBiTaHBi 
jiaöopaTopHBie Modern CUJl MeHBHinx pa3Mepoß: Cn^-30 H CIIfl;-25. 

1. OcHOBHbie ct)M3MMecKne occ>6eHHocTn CDA. orpawarouiHe BfinflHne 
MacuiTa6Horo dbaKropa Ha xapatcrepMCTHKH CIIJDi. 

B KanecTBe nepBoro cooTHomeHHa, OTpaacaiomero BJiHaHHe pa3Mepa ßBHrarejia Ha 
ypoBeHB ero xapaKTepucTHK, MoaceT 6BITB paccMOTpeHO cooTHorneHHe Meaqry xapaKTepHofi 
fljiHHOH ycKopHTejiBHoro KaHajia L H äUHHOH CBo6o#Horo npoöera    aTOMOB pp HOHroauHH 

. X\. T.e. pjm Toro, HTO6BI flocTaroHHO IIOJIHO HOHH30Barb ra30BBin noTOK B ycKopHTejiBHOM 
KaHajie HeoöxoßHMO yaoBjieTBopHTB cjieflyroineMy ycjiOBHio: 

li«L, (1) 
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r/je   X- =- LT"  , Va- CKOpOCTb aTOMOB,   <CrtVe >  - KOSfjKjranHeHT CKOpOCTH HOHH3aUHH, 
(<7:Y„)n 

ocpeßHeHH&iH no ^yHKu;HH pacnpeÄdieHHa sjieiopoHOB, a; - ceneHHe HOHH3au;HH aTOMOB, ve 

- CKopocTt ajieKTpoHOB. IlpH HeKOToptix AonymeHnax MoacHO noKa3aTb, HTO j\m CUJ\ 
Tpa^HnHOHHOH cxeMbi, pa6oTaiomHX npn ycjiOBHflx noflOÖHa npoueccoB HOHroanHH 

(VL=const) H HMeioiAHX cxoAHyro reoMeTpmo OCHOBHHX KOHerpyKTHBHbix 3JieMeHT0B 
^BHraTejia (b/L= const, d/L = const, iyje b H d - inHpraa ycKopHTejibHoro KaHajia H 

xapaKTepHBifi ^HaMeTp cooTBeTCTBeHHo), 3HaHeHne MaccoBoro pacxo^a^, 
o6ecneHHBaiomero cpaBHHMyio 3<])(j)eKTHBH0CTb HOHJBaijHH #Jia aBHrarejieH pa3JiHHHoro 
pa3Mepa, MoaceT 6biTb onpe^ejieHO H3 cjieAyiomero cooraoineHHa : 

m = kxb = k2d (2) 

riocue/jHee cooTHonieHne 03HanaeT, HTO njiOTHOCTb MaccoBoro pacxo^a rhl Ttdb nepe3 
KaHaji yBejiHHHBaeTca c yMeHbineHHeM pa3MepoB flBHraTena. Cjie^OBaTeJibHO, njioTHOCTb 
MOIUHOCTH npn TOM ace pa3paflHOM HanpaaceHHH «ojiacHa Taic ace yBejiHHHTbca. Ho KpoMe 
TenjiOBbrx H pecypcHbix npoÖJieM 3ia OCOöCHHOCTB BbrcbiBaeT, KaK STO 6yaer noKa3aHO 
flajiee, #onojiHHTejibHbie Tpy^HocTH B cc>3,a;aHHH cooTBeTCTByiomeH HHflyicuHH ManiHTHoro 
nona H ero KOH^Hrypannn, HTOöH oöecneHHTb BBICOKHH KTIJJ, ^BHraTejia  . B nacTHOCTH, B 

3TOH paöoTe 6bino noKa3ano, HTO TpeöyeMwe 3HaneHHa HH/jyicnHH Br MarHHTHoro nona 
cBa3aHbi c xapaKTepHbiM pa3MepoM (iHHpima ycKopHTenbHoro KaHana b), napaMeTpaMH 
paöonero peacHMa (pa3paAHbiM HanpaacemieM Ud    n pacxo^oM ra3a m)    cjieayiomnM 

cooTHonieHHeM: 

U * —-r-^— S const (r\ 

H3BecTH0 Taicace3, HTO ana onTHMH3HpoBaHHbix CIT^ pa3JiHHHbrx pa3MepoB np« 
cpaBHHMbrx ycjioBnax B3anMoaeHCTBHa njia3Mbi co creHKaMH ßOJiaceH 6biTb npHMepno Ha 
oflHOM H TOM ace ypoBHe, T.e. 

La«kab, • (4) 

r^e ka=const - HHCJIOBOH K03<|)c])Hi];HeHT. CjießOBaTejibHO, Moacno HanncaTb 

Brb = const,   ecra Ud = const (5) 

Br ~ -JÜd     ,   ecnH b = const (6) 

KaK BH^HO, CHHaceHHe pa3MepoB ^BHraTejia Bbi3biBaeT Heooxo^HMOCTb yBejinneHHa 
3HaneHHa Br npn cpaBHHMbix ycnoBHax, H STO saKJiiOHeHHe B nepBOM npHÖJinaceHHH 
noÄTBepawaeTca onbiroM pa3pa6oTKH CIT^. npnHHMaa BO BHHMaHHe cooTHonieHne (5) H 

paccMaTpHBaa O6IO;HH MarHHTHbift noTOK Om B ßBHrarejie, MO»:HO nojryHHTb 

Om~7tdbBr~d (7) 

B TO ace BpeMa, ana Toro HTOöBI noAzjepacHBaTb onTHMH3HpoBaHHyio KOHcJjHrypanHio 
MarHHTHoro   nojia   B   .zpHraTejiax   pa3JiHHHoro   pa3Mepa   HCO6XOäHMO   TioflnepacHBaTb 
cooTHoraeHna pa3MepoB  lm KPHTHHCCKHX sjieMemoB MarnHTHOH  cncTeMbi,  Hcnonb3ya 
ycjioBHe noßoÖHs 

lm~d~b (8) 
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CjieflOBaTejibHO, 3HaieHHe MaraHTHofl HHAYKIIHH BHyTpH Marepnana ajieisieHTa c 
ceneHHeM Sm»7tdlm ^OJDKHO yBejiHHHTbca, T.K. 

Bm = Om/Sm~l/b (9) 

IIocjieflHee cooTHonieHiie noKasbiBaeT, HTO npn Maxttix b (HJIH d) HMeeTca 
orpaHHHeHHe, CBS3aHHoe c HacbimeHHeM MarepnaJia ajieMCHTOB MarHHTHoft CHCTeMbi. 
JlpyrnMK cjiOBaMH, HeB03MoacHo nozwepacHsaTb onTHMajibHyio KOH(j)HrypaHHio MarHHTHoro 
iiona H HHflyKUHK) npn yMeHi.ineHHi.ix SHaneHHax b, H, cjre#oBaTejibHO, Küß aBHrarejia 
nosiMen CHH3HTbca. OntiT pa3pa6oTKH CUR noKa3biBaeT, HTO rpaHHHHbm pa3Mep cocraBJiaeT 
dm~50 MM (b~10 MM). 

.ZIpyraa oco6eHHocrb, cosflaiomaa flonojiHHTejibHbie TpyzjHocra B pa3pa6oTKe Majibix 
CUJ\, - 3TO BjinaHHe xojiJiOBCKoro TOKa Ha KOHdpnrypaHHio MarHHTHoro nona H ero 
HHflyKinöo BHyrpn ycKopHTejibHoro KaHajia. H3 OÖIHHX coo6paaceHHH oneBH^Ho, HTO 3TO 

BjinaHHe AOJDKHO 6&rn. orpaHHneHO pp onpe^eneHHoro ypoBHa, HTO6H nojiyHHTb 
onTHMajiBHyio KOHtJmrypaHHio MarHHTHoro nojia. Taioice oneBH/nio, HTO B nepBOM 
npH6jiHaceHHH XOJIJIOBCKHH TOK npn cpaBHHMbix ycjioBHax ßojiaceH 6&rn> nponopuHOHajieH 
pa3paÄH0My TOKy H MaccoBOMy pacxoay nepe3 ycKopHTejibHsifi KaHaji. CxreztoBarejibHo, c 
yBejiHHeHHeM MaccoBoro pacxo^a MOHCHO oacnzjaTb yBejiKHeiina omrHMajibHoro 3HaneHHa 
«BHeraHen» MarHHTHOH HHnyicHHH Br , C03^aBaeM0H MarHHTHofi CHCTCMOH jyia 
noflAepacaHHa onpe^eneHHoro cooTHomeHHa Meaczry BHCHIHHM H HHuynHpoBaHHbiM 
MarHHTHBiMH nojiaMH, T.e. onTHMajibHbie 3HaneHHa TOKOB B MarHHTHbix KaTyniKax ßonacHbi 
yBejiHHHBaTbca c yBejinneHHeM MaccoBoro pacxo^a npn cpaBHHMbix ycjioBHax. 

2.  PeavfibTaTbi pa3pa6oTKn M MccjieaoBaHMH Cnfl-80. 

JJpx npoßepKH HeKOTopbix H3 ynoMaHyTbix 3aKJiiOHeHHH H royneHHa ocoGeHHocTen 
paöoTH CUR B HinpoKOM #Hana30He paoonnx peacHMOB 6bi.na pa3pa6oTaHa H HcnbiTaHa 
jiaöopaTopHaa Mozjejib Cn^~80 c BHeniHHM .zmaMeTpoM ycKopHTejibHoro KaHajia 80 MM H 

yMeHbineHHOH, no cpasHeHHio c THHHHHOH, TOJIIHHHOH ycKopHTejibHoro KaHana (b=12 MM). 

BMecTe co CHH>KeHHeM nmpHHbi KaHana SHJIO yBenHHeHO nonepenHoe ceneHHe sjieMeHTOB 
MarHHTHOH CHCTeMbi OTHOCHTeJIbHO TpaßHHHOHHblX COBpeMeHHblX CUR C TaKOH niHpHHOH 
KaHajia. CooTHonieHHe pa3MepoB Meac^y MaraHTHbiMH nomocaMH, SKpaHaMH H 3a3opaMH 
6bDI0 THnHHHbIM JlflS. TpaßHHHOHHHX OnTHMH3HpOBaHHbIX CllJ\.  CTIfl-80 6bIJI HCnblTaH B 
innpoKOM /Hiana30He paoonnx peacHMOB: pacxoA paöonero Tejia (KCCHOH) nepe3 
ycKopHTejibHbrä KaHan /»=(2-9.5) MT/C, paspaflHoe HanpaaceHHe Ud = (100-800)B, 
pa3pa#Haa MOHjHocrb N<j = (0.3-3.0) KBT. 

BbuiH nojiyneHbi THnHHHbie fljia CHJ\ xapaicrepHCTHKH, BKjHonaa BOJibT-aMnepHbie 
xapaKTepncTHKH (PHC 1), 3aBHCHMOCTH ram, TaroBoro KEffl H yzjejibHoro HMnyjibca OT 

pa3pa«Horo HanpaaceHna (PHC. 2...4). nojiyneHHbie aaHHbie nozrrBepayraiOT B03MoacHOCTb 
H3MeHflTB Tary CllJ\ B 10 pa3, H3MeHaa «HUJE nojiyHHTb #ocTaTOHHo BHCOKHH ypoBeHb 
TaroBoro KUJX r\t H 3HaneHHH yflejibHoro HMnyjibca Isp (3HaneHHa Isp H r\t GHJIH paccHHTaHbi 
6e3 yneTa pacxo^a pa6onero Tejia B KaTO^). 

Bo BpeMa HcnbiTaHHfi npoBOflHnca KOHTponb TeMnepaTypbi sjieMeHTOB KOHCTpyKHHH 
ÄBHraTejia: BHyTpeHHero nojiioca, BHenmero nojnoca, BHyTpeHHefi H HapyacHbix CTCHOK 

pa3pa/moH xaMepbi. BbiaBJieHo ^Ba 4>aKTOpa, HanaraiomHx orpaHHneHHa Ha BbiSop peacHMOB 
CTannoHapHOH pa6oTbi CUJ\. ITepBbiH CBa3aH c npeBbimeHHeM TeMnepaTypofl BHyTpeHHefi 
CTeHKH paBpazjHOH KaMepbi rpaHHHHoro 3HaneHHa ~700°C. Hpn 3TOH TeMnepaType 
HaHHHaeTca HHTeHCHBHoe pacnbuieHHe MaTepnajia cTeHOK, HTO CHHacaeT pecypc flBHraTerra. 
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Ha pHC.6 npHBe^eHO H3MeHeHHe TeMneparypbi ajieMeHTOB KOHCTpyKHHH B xo^e 
3KcnepHMeHTa (tfz=5.06 UT/C, Nd=1720 BT). TeMnepaTypa BHyrpeHHeH CTeHKH Ha^HaeT 
cymecTBeHHO pacra npH Nd>1700 BT. BTopoiä <J)aKTop CBH3aH c npeBbinteHHeM 
TeMneparypbi BHyTpeHHero nojiioca TOHKH Kiopn TK. Bbiine STOH TOHKH MarHHraaa 
npoHHitaeMOCTB nomoca pe3KO na^aex. 3TO Bbi3biBaeT HCO6XOAHMOCTB yBejinneHHa TOKa B 

MarHHTHbix KaTyniKax ßjia noflnepacaHHa onTHMajibHOH MarHHTHoii HH/ryKnHH, HTO, B CBOIO 

onepe/jb, Bbi3tiBaeT ßonoJiHHTejibHoe TennoBbmeJieHHe B nojnoce. 3TOT 4>aKTOp npoaBJiaeT 
ceöfl npn MoiDtHOCTax Nd>1500 BT H C yBejinneHHeM pacxo/ja ero BjrnaHHe CTaHOBHTca 
SHaHHTejibHee. 

nojiyneHHBie flaHHbie noKa3biBaroT TaoKe, HTO 3HaHeirae m=2 Mr/c 6JIH3KO 

MHHHMyMy, o6ecneHHBaiomeMy ^ocTaTOHHO BHCOKHH ypoßeHL TaroBoro KUR (CM. PHC. 4). 

YMeHbiueHHe TaroBoro Küß pa m =9.57 MT/C npH Ud>250B o6bacHaeTca TpyzmocTbio 
C03£aHHa Heo6xO«HMOH HH^yKUHH MSirHHTHOrO nOJia B CHJiy OTMeHeHHblX BbHUe npHHHH. 
KpoMe TenjiOBbix orpaHHHeHHH, cymecrayeT ynoMHHaßineeca Bbime <f)H3HHecKoe 
orpaHHHeHHe, cB33aHHoe c Heo6xoflHMOCTbio yßejiHHHßaTb BHeniHee MarHHTHoe nojie c 
yBejiHHeHHeM 3HaneHHa m. 3TO 3aKJiioHeHHe no,a;TBep)KflaeTca 3aBHCHMOCTbio TpeöyeMbix 
TOKOB B KaTyniKax HaMarHHHHBaHHa OT m. KaK MOKHO BH^eTb, oÖmaa TeHßeHnna STOH 

3aBHCHMocTH noHTH jiHHeÜHaa. JSflÄ ifi >9 Mr/c 6buio HeB03MOÄHO oöecneHHTb Tpe6yeMoe 
3HaHeHHe TOKa HaMarHHHHBaHHa flaace npn KpancoBpeMeHHOH pa6oTe «BHraTena H3-3a 
neperpeßa npoBO#OB B KaTynncax HaMarHHHHBaHHa. TaKHM o6pa30M, nojryneHHbie ^aHHbie 
no^TBepac^aiOT cymecTßeHHOCTb paccMOTpeHHbix B pa3^ejie 1 4>aKropoB. 

3.  Pa3pa6oTKa H ncnbiTamifl Manbix Cnfl. 

ITpii pa3pa6oTKe Mamix Cim 6&uia nocTaBJieHa nejib: ÄOCTHrayrb ypoßeHb KITfl (25- 
30)% npn MOUIHOCTHX (100-250) BT H pecypce T>500 nacoß. üpHHHMaa BO BHHMaHHe 
BbiniecKa3aHHoe, a TaKHce npeflburymHH onbiT pa3pa6oTKH Majibix CIl/J, BHemHHH #HaMeTp 
ycKopHTenbHoro KaHana öbiJi BbiöpaH paBHbiM d=30 MM, mnpHHa KaHajia - b=6 MM (PHC 7). 
TaK KaK «na Majibix CTIR Harpy3Ka Ha MaraHTHyra cHCTeMy /jojDKHa yBejiHHHTbca no 
cpaBHeHHK)   c   ABnraxejiaMH   rana   Cn^-70   H   CÜ^-IOO,   TO   6HJIH   HcnbrraHbi   am 

• MOflH(J)HKanHH    Cn^-30:    6jIH3Ka»   K   TpaÄHHHOHHOH   n    C    yßeJIHHeHHblMH    MarHHTHbIMH 
KaTyniKaMH. 

Onpe/jeneirae xapaKTepncTHK nporaBOßHjiocb B BaKyyMHOÄ KaMepe 2MB «naMeTpe n 
6 M flJIHHOH,  OÖOpy^OBaHHOH TarOMepOM n  MHOrOCeTOHHHM  30H#0M,  yCTaHOBJieHHbIM  Ha 
DiTaHre pa^nyca R=0.7 M, BpamaioineHca B ropH30HTajibHOH HJIOCKOCTH. Uenrp ßpameHHa 
Haxo^HJica Ha BepTHicajibHOH OCH CUJ\. TaKHM o6pa30M H3Mepajiocb pacnpe/iejieHHe 
ycKopeHHoro HOHHOTO noTOKa B npeflejiax +90° oraocHTejibHO OCH ^BnraTejia. noTeHnnaji 
KojuieKTopa 30H«a cocTaßjiaji +50B OTHOCHTejibHO KaTOflHoro noTeHnnana. B KanecTBe 
KpHTepna yraa pacxo^HMocTH CTpyn Hcnojib30BaJica nojiyyron ßo.95 KOHyca, co/jepacamero 
95% ycKopeHHoro HOHHoro noTOKa, nepeceKaiomero KOHTpojibHyio c^epy pa^nyca R=0.7 M. 

TaroBbiH KJJJl H yflenbHbrii HMnyjibc öHJIH paccHHTaHbi 6e3 yneTa BJinaHHa 
MaccoBoro pacxo^a B KaToa H noTepb B KaTyniKax HaMarHHHHBaHHa. 

Pe3yjibTaTbi HcribiTaHHÄ noKa3ajin, HTO öojibniHHCTBO H3 paccMOTpeHHbix 4>aKTopoB 
0Ka3bmaioT cymecTBeHHoe BjniaHHe Ha ypoßeHb xapaKTepncTHK ^BHraTejia. TaK, c 
yßejiHHeHHeM KaK HanpaaceHHa, Taic H pacxo^a pa6onero ra3a yBenHHeHHe Kn^ 
orpaHHHHBajiocb BOSMOKHOCTHMH yBeuHHeHHa TOKOB B KaTyniKax HaMarHHHHBaHHa. 

TeM He MeHee, TaroBbift Kn^ ycKopHTejia MoaceT flOCTHraTb 30% npn pa3pa^HOH 
MODJHOCTH Nd=( 150-200) BT H MoaceT 6biTb Bbime, neu 25% npn Nd=(100-250)BT 
(TaÖJinnal). 
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OijeHKa pecypca Crm-30, npOHSBe/jeHHaa juia pa6onero peacHMa c MOIHHOCTBIO 

N=150 BT aaeT 3HaneHHe T-600 nacoB. T.o., cyMMapHbift HMnyjitc Tara MoaceT 6trr& 
oqeHeH ~1.5-104Ns. Macca flBHraTejia He npeBtiinaeT 0.4 Kr. 

/Jjia H3yneHHa BO3MO>KHOCTH flajitHeHinero yMeHbinenna pa3Mepa ABHrarejia 6bijia 
pa3pa6oTaHa, H3roTOB.neHa H HcntrraHa jia6opaTopHaa Mo^ejiB Cn^-25 (PHC. 8), HMeiomaa 
BHeniHHH anaMeTp ycKopHTejibnoro KaHana d=25 MM H HeTpaflHUHOHHyro KOHCTpyKTHBHyio 
cxeMy, o6ecneHHBaK)iHyio OTHocHTentHoe yBejiHHenHe pa3MepoB KaTyniKH 
HaMarHHHHBaHHH. nojiyneHHBie pe3yjn>Taxbi iiOKa3&iBajOT, HTO 3Ta Mo^ejit MO>KeT paöoTaTb B 

TOM ace ÄHana30He MomHOCTeft (100-250)BT, HO ee TaroBtift KUß npH6nH3HTejn>H0 Ha 5% 
HHace, neM AJM Cn/J-30. 3TO noflTBepKAaeT ocHOBHbie OCO6CHHOCTH, paccMaTpHBaBHiaeca 
Bbime. ^OCTOHHCTBOM pa3pa6oTaHHOH Mo^ejiH Cn^-25 aBJiaexca 6ojiee HH3Kaa Macca (-300 
r) H MeHbniHH Ha 10 MM BHeiHHHH anaMeTp Kopnyca ^BHraTejia. 

Ta6jiHua 1. 

mg/s 
ud, 
V 

Id, 
V 

N, 
W 

T, 
mN 

^sp, 

sec 
Tit, 
% 

ßo.95deg 

0.6 241.4 0.52 126 6.2 1050 25 -75.4 
0.6 283.4 0.53 150 7.0 1120 27 -71 
0.6 323.5 0.54 175 8.22 1394 32 -71 
0.6 363.0 0.54 197 8.6 1471 32 -72 
0.76 100.0 0.62 99 6.2 820 25 -71 
0.76 205,6 0.60 124 6.85 916 25 -69 
0.76 243 0.69 169 8.23 1104 26 -73 
0.76 284.6 0.72 205 9.75 -1300 30 72 
0.88 180.5 0.77 138 8.61 -1000 30 68 
0.88 243.3 0.75 185 9.9 -1150 30 69 
0.88 283.8 0.82 234 10.45 -1220 27 70 

3aKJiK)4emie. 

npHBe^eHHbie B ßOKJiafle /jaHHbie no3BOJiaiOT 3aKjHOHHTb, HTO B03MO>KHa pa3pa6oTKa 
KOHCTpyKHHH CIIR, oöecneiHBaiomefi TaroBbifi Kim ycKopHrera Ha ypoBHe -30% npn 
yfleiibHbix HMnyjibcax 1000-1400 ceicyHfl H MOIHHOCTH (150-200) BT H Ha ypoBHe 25% npn 
MoiHHOCTH Nd~100BT H yßejibHbix HMnyjibcax (800-900) ceicyHA. Tarae ÄBHraTenH MoryT 
ycneuiHO KOHKypHpoBaTb c ^pyniMH   THTOMH ^BHraTejiea Majiofi Tarn npHMeHHTenbHO K 
KOppeKJJHH OpÖHTbl H CTa6HJIH3aHHH MaJIblX KA. 
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In a paper the problems originating at development of small stationary plasma thrusters 
(SPT) are considered and some outcomes of their investigation are presented," namely: general 
relationships reflecting the dependence of a thruster performances on its scale; results of the 
special laboratory model SPT-80 testing illustrating restrictions caused by the scaling factor 
impact; results of development and tests of SPT-30 and SPT-25. These data confirm a possibility 
of ensuring the accelerator thrust efficiency (calculated without cathode mass flow rate) at a 
level of 0.25...0.30 in apower range (100-250) W at specific impulse (1000-1400)s and thruster 
lifetime (500-1000) hours. 

Introduction. 

One of the tendencies in development of a modern space technology is the increase of 
small spacecraft use permitting to lower the cost of a realization of space missions. Thus, there is 
a necessity of adequate propulsion systems (PS) development and, in particular, PS on the basis 
of electric propulsion for small spacecraft (S/C). Taking into consideration a wide and successful 
experience of SPT application as a S/C orbit correction thruster, it is natural to investigate 
performances of this type thrusters with the reduced size and power. There are some physical 
particularities restricting level of thrust efficiency with decreasing of their sizes. To investigate 
these particularities, at RIAME MAI there was developed, manufactured and tested the 
laboratory model SPT-80 in a broad range of operating modes. Besides, the SPT laboratory 
models of smaller sizes - SPT -30 and SPT-25 - were developed and tested. 

1. Basic physical particularities of SPT reflecting impact of the scaling factor on SPT 
performance. 

As the first relationship reflecting impact of the thruster scale on a level of it 
performances, the relationship between characteristic length of acceleration channel L and free 
path of atoms before ionization h can be considered. I.e. to ionize fully enough the gas flow in a 
channel it is necessary to satisfy with the following condition:. 

h«U (1) 
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where A, = '-—, va - velocity of atoms, < a\ve > - ionization rate factor averaged through 

electron distribution function, <TJ - atom ionization cross-section, ve - electron velocity. At some 
assumptions it is possible to show, that for SPT of the traditional design scheme operating under 
ionization process similarity conditions (fa /L = const) and having similar geometry of the basic 
thruster design elements (b/L = const, d/L = const, where b and d - accelerating channel width 
and characteristic diameter accordingly), the value of the mass flow rate rh, ensuring comparable 
effectiveness of ionization for thrusters of various sizes, can be defined1 from the following 
relationship: 

The last relationship means, that the mass flow density mlndb through a channel is 
increased with a decreasing of the thruster sizes. Therefore, the power density under the same 
discharge voltage is to be increased. But except the thermal and lifetime problems this singularity 
causes, as it will be shown further, additional difficulties in creation of an appropriate magnetic 
field induction and topology to ensure high efficiency of the thruster2. In particular, there was 
shown, that the required values of a magnetic field induction Br are connected to a characteristic 
dimension (accelerating channel width b), parameters of an operating mode (discharge voltage 
Ud and gas mass flow rate m ) by the following relationship: 

d   - = const (3) 
BlrLab 

It is known also3 that for optimized SPT of various sizes under comparable conditions of 
plasma interaction with walls should be of the same level, i.e. 

La ~ kab, (4) 

where ka = const - numerical factor. Therefore, it is possible to write: 

Bros const, ifUd = const, (5) 

Br ~ 4^d >    if b = const (6) 

As one can see, the decreasing of thruster sizes requires Br value increasing under 
comparable conditions. This conclusion in the first approximation is confirmed by experience of 
SPT development. Taking into consideration a relationship (5) and considering a total magnetic 
flux Om in a thruster, it is possible to receive 

Om ~ 7tdbBr ~ d (7) 
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At the same time, to maintain an optimized configuration of a magnetic field in thrusters 
of a various sizes it is necessary to maintain relation of sizes lm of critical magnetic system 
elements and scaling factor, using a condition of a similarity 

lm ~ d ~ b (8) 

Therefore, the value of a magnetic induction inside material of the element with cross- 
section Sm«fl:dlm should be increased, because 

Bm = Om/Sm~l/b (9) 

The last relationship shows that at small b (or d) there is a restriction connected to 
saturation of a material of the magnetic system elements. In other words, it is impossible to 
support an optimum configuration of a magnetic field topology and induction at the reduced 
values b, and, therefore, the efficiency of a thruster will be decreased. The SPT development 
experience shows that the boundary size is dm ~ 50 mm (b ~ 10 mm). 

Hall current impact on the magnetic field topology and its induction inside accelerating 
channel creates additional difficulties in small SPT development. From common reasons is 
obvious, that this impact should be limited to a definite level to obtain an optimum configuration 
of the magnetic field. Also it is obvious, that in the first approximation Hall current under 
comparable conditions should be proportional to the discharge current and mass flow rate in 
acceleration channel. Therefore, with increase of the mass flow rate we can expect an increase in 
optimal value of an "external" magnetic induction Br created by a magnetic system for 
maintaining of the defined relationship between external and induced magnetic fields. I.e. the 
optimal value of currents in magnetization coils should be increased with increase of the mass 
flow rate under comparable conditions. 

2. Results of SPT-80 development and research. 

To verify some above-mentioned conclusions and study particularities of SPT operation 
in a wide range of operating modes the laboratory model SPT-80 was developed and tested. It has 
an external diameter of the accelerating channel of 80 mm and reduced, in comparison with 
typical, width of the accelerating channel (b = 12 mm). Along with the reducing of the channel 
width a cross-section of the magnetic system elements was increased relatively traditional 
modern SPT with such width of the channel. The relation of sizes between magnetic poles, 
screens and gaps was typical for traditional optimized SPT. SPT-80 was tested in a wide range of 
operating modes: the mass flow rate of a working gas (xenon) through the accelerating channel 
m = (2-9.5) mg/s, discharge voltage Ud = (100-800)V /discharge power Nd = (0.3-3.0) kW. 

The characteristics typical for SPT including voltage-current characteristics (Fig. 1), 
dependencies of thrust, efficiency and specific impulse from discharge voltage (Fig. 2 ... 4) were 
obtained. These data confirm a possibility to change the SPT thrust by 10 times, changing m and 
Ud and to receive high enough level of thrust efficiency r)t and values of specific impulse Isp 

(values Isp and Tjt were calculated without consideration of the cathode mass flow rate). 
During the tests the temperature of the thruster design elements was monitored: an 

internal pole, an external pole, internal and external walls of the discharge chamber. Two factors 
imposing restrictions on a choice of conditions of SPT stationary operation were detected. The 
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first factor is connected to excess of the temperature of the discharge chamber internal wall over 
the boundary value ~ 700°C. At this temperature the intensive sputtering of the walls material 
begins that reduces thruster lifetime. Fig. 6 shows the variation of temperature of design elements 
during experiment (rh = 5.06 mg/c, Nd = 1720 W). Temperature of the internal wall begins 
essentially to grow at Nd > 1700 W. The second factor is connected to excess of temperature of 
the internal pole over Curie point (Tc). Above this point the magnetic permeability of a pole 
sharply decreases. It causes the necessity to increase current in the magnetization coils for 
maintaining an optimum magnetic induction that in its turn causes an additional heat release in a 
pole. This factor exhibits itself at powers Nd > 1500 W and with increasing of the mass flow rate 
its impact becomes more significant. 

The obtained data show also, that a value rh = 2 mg/s is close to a minimum ensuring a 
high enough level of thrust efficiency (see. Fig. 4). Decrease of thrust efficiency for m = 9.57 
mg/s at Ud > 250V is explained by difficulty in creation of the necessary magnetic field induction 
due to the marked above reasons. Except thermal restrictions, there is a mentioned above physical 
restriction connected to necessity to increase an external magnetic field with increase of the m 
value. This conclusion is confirmed by dependence of required currents in magnetization coils on 
m. It is possible to see the general tendency of this dependence is almost linear. For rh >9 mg/s it 
was impossible to ensure a required value of the magnetization current even at short-term thruster 
operation because of an overheating of wires in the magnetization coils. Thus, the obtained data 
confirm importance of considered in section 1 factors. 

3. Development and tests of the small SPT. 

The goal was posed for development of the small SPT: to reach a level of efficiency (25- 
30) % at power (100-250) W and lifetime T>500 hours. Taking into consideration all the above- 
mentioned and also the previous experience of small SPT development, the external diameter of 
an accelerating channel was selected d = 30 mm, width of a channel - b = 6 mm (Fig. 7). Since 
for small SPT the load on a magnetic system should be increased in comparison with thrusters of 
SPT-70 and SPT-100 types, two modifications SPT-30 were tested: close to traditional and with 
increased magnetic coils. 

The determination of performances was conducted in the vacuum chamber 2 M in a 
diameter and 6 M in length equipped with thrust-stand and a retarding potential analyzer (RPA), 
installed on a boom of radius R = 0.7 M, rotated in a horizontal plane. Center of rotation was on 
SPT axes. The distribution of an accelerated ion flow was measured in the range ±90° respective 
to thruster axes. The potential of a collector of a probe was + 50B respective to cathode potential. 
As a criterion of a plume divergence the half-angle ß095 was used which contained 95 % of an 
accelerated ion flow, crossing the reference sphere with radius R == 0.7 m. 

Thrust efficiency and specific impulse had been calculated without the cathode mass flow 
rate impact and power losses in magnetization coils. 

The results of tests have shown that majority from the considered factors had essential 
impact on the thruster performance level. In particular, with increasing both voltage and mass 
flow rate the increasing of efficiency is limited by possibilities of current increase in 
magnetization coils. 

Nevertheless, thrust efficiency of the accelerator can reach 30 % at a discharge power Nd 

= (150-200) W and can be higher, than 25 % at Nd = (100-250) W (Table 1). 
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The evaluation of SPT-30 lifetime made for the operating mode with power Nd = 150 W 
gives a value T ~ 600 hours. So, the total thrust pulse can be estimated as ~ 1.5-10 Ns. The 
thruster mass does not exceed 0.4 kgs. 

To study the possibility of a further decreasing of thruster size there was developed, 
manufactured and tested laboratory model SPT-25 (Fig. 8), having an external diameter of an 
accelerating channel d = 25 mm and non-traditional design concept. The obtained results show 
that this model can operate in a range of power (100-250) W, but its thrust efficiency 
approximately by 5 % lower than that one for SPT-30. This tendency confirms basic 
particularities considered above. Advantage of the developed SPT-25 model is the lower mass 
(-300 g) and less by -10 mm external diameter of thruster body. 

Table 1. 

m, ud, Id, N, T, Ispi lit, ßo.95deg 
mg/s V V W mN sec % 

0.6 241.4 0.52 126 6.2 1050 23 -75.4 
06 283.4 0.53 150 7.0 1120 27 -71 
06 323.5 0.54 175 8.22 1394 32 -71 
0.6 363.0 0.54 197 8.6 1471 32 -72 
0.76 100.0 0.62 99 6.2 820 25 -71 
0.76 205.6 0.60 124 6.85 916 25 -69 
0.76 243 0.69 169 8.23 1104 26 -73 
0.76 284.6 0.72 205 9.75 -1300 30 72 
0.88 180.5 0.77 138 8.61 -1000 30 68 
0.88 243.3 0.75 185 9.9 -1150 30 69 
0.88 283.8 0.82 234 10.45 -1220 27 70 

Conclusion. 

Data presented in a paper confirm that it is possible to develop SPT design, ensuring the 
accelerator thrust efficiency at a level of-30 % under specific impulses 1000-1400 seconds and 
power (150-200) W and at a level of-25 % at power Nd of-IOOBT and specific impulses (800- 
900) seconds. Such thrusters can successfully compete to other types of low-power thrusters for 
orbit correction and attitude control of small spacecrafts. 
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Fig. 1. 
SPT-80 vdtage-current characteristics. 
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Fig. 2. 
Thrust versus discharge voltage for 

SPT-80. 
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Fig. 3. 
Specific impulse versus discharge voltage for 

SPT-80. 
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Fig. 4. 
Thrust efficiency for SPT-80. 
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Fig. 5 
Magnetization currents versus mass flow rate 

forSPT-80 
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Fig. 6. 
SPT-80 design elements temperature 
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Fig.7 
SPT-30 design scheme. 

Fig. 8 
SPT-25 general scheme. 
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BjiHHHue eMKOCTH HaKonnuejiH 3Heprnw Ha xapaKTepHCTHKH HUR 

KpHBOHOCOB MT., OpJiOB M.M., IIonoB r.A., JlKOBJieB B.H. 
HHHIIM3 MAH 

125810, MocKBa, BoiroKOJiaMCKoe uiocce, 4 
<&aicc:(095) 159-03-67 

PetpepaT 

Pa3BHBaeMaa B nocjie^Hee «peMa TexHOjioraa Manbix HcxyccTBeHHbix cnyraHKOB 
HyXflaeTCH B CTOJIb >Ke MHHHaTIOpHblX CHCTeMaX C03flaHHH peaKTHBHOH TKrH flJIH OpH- 
eHTaqHH H no,zmep}KaHHa nojio>KeHMa KA B npocrpaHCTBe1. OäHHM H3 peajibHbix npe- 
TeHflemroB Ha STO MecTO HBJiaeTCfl HMnyjibCHbin njia3MeHHbiH ^BHraTejib (HII,fl), KO- 

TOpbifi MO^KeT noTpe6jiHTb MOinHOCTb na ypoBHe HecKOJibKHx AecaTKOB Barr H npn 
3TOM HMeeT HH3Kyio Maccy, HeöojibiiiHe raöapHTbi H oneHb Majiyio BejiHHHHy e^HHHH- 
Horo HMnyjibca Tarn. 

OcHOBHbiM sjieMeHTOM Hü/],, OT KOTOporo B öojibiiioH CTeneHH 3aBHC«T xapaK- 
TepHCTHKH ^BHraTejia, aBJiaeTca CMKOCTHOH HaKonHTejib SHeprHH. 

B flaHHOH paöoxe iipHBe/ieHbi npeflBapHTejibHbie pe3yjibTaTbi HccjieflOBaHHa 
BJiHHHHa eMKOCTH HaKonHTejia Ha THroBbie xapaKTepHCTHKH Him. KpoMe Toro 6bmo 
npoBe^eHO Hccjie,o;oBaKHe pacnpe^ejieHHH pa3pH^Horo TOKa no flJiHHe ajieKTpo^oB 
ÄBHraxejia npn noMom« noacoB PoroBCKoro, BMOHTHpOBaHHbix B KaTO,n;. 

B pe3yjibTaTe SKcnepHMeHTOB 6binH nojiyneHbi 3aBHCHMOCTH H3iwepeHHbix 
(HMnyjibc Tarn H Macca crycnca) H pacHHTaHHbix (cpe/meMaccoBaa CKopocTb njia3Mbi H 

KUß, ABHraTeji») TaroBbix xapaKTepHCTHK Him OT CMKOCTH HaKonHTejia SHeprHH, 
KOTopwe flJiH HCCJie^OBaHHoro Awana30Ha eMKOCTen noKa3ajiH AHHaMHKy Ha ynyHuie- 
HHe xapaKTepHCTHK Hllfl (HMnyjibca Tarn Ha ~10%, KHJ\ - Ha ~20%) npn yBejinqe- 
HHH eMKOCTH HaKonHTejia SHeprHH. 

HccjieflOBaHHe pacnpeflenenna Toxa no /yiHHe 3JieKTpOAOB Hn,fl, noKa3auo, HTO 

OCHOBHO0 TOKOBblH CJIOH HMeeT npOJIOJIbHblH pa3Mep npHMepHO 30-40 MM H flBH>KeTCJI 
Bflonb sjieKTpo^OB co CKOpocTbio 10-13 KM/C. OTMeneHO Ha^HHHe B Hakane pa3paaa 
TaK Ha3biBaeMoro (|)op-TOKa, flBHÄymeroca co cxopocTbio npHMepHO 40 KM/C. 

BseaeHHe 

OflHH H3 nyTeM nOBblUieHHH TarOBblX XapaKTepHCTHK HHR COCTOHT B OnTHMH- 
3anHH 3JieKTpoTexHHHecKHX napaMeTpOB CMKOCTHOTO HaKonHTejia SHepran. J\nn STOTO 

Heo6xo,o;HMO 3HaTb KaK TOT HJIH HHOH napaMeTp BjraaeT Ha npoueccbi B pa3pa,n;HOH 
KaMepe HII/1, H cooTBeTCTBeHHO Ha TaroBbie xapaKTepHCTHKH. 

BjIHflHHe HHAyKTHBHOCTH H BHyTpeHHerO aKTHBHOTO COnpOTHBJieHHa eMKOCTHO- 
ro HaKonHTejia Ha TaroBbie xapaKTepHCTHKH HHR npHMepHO acHO H3 npocTbix coo6- 
paaceHHH: yBejiHHeHHe aKTHBHoro conpoTHBJieHHa nioSoro sneMeHTa pa3pa,n;HOH uenn 
npHBOflHT K noBbimeHHio /pKoynreBa TenjiOBbmejieHHa B sneMeHTe, HTO aBJiaeTca napa- 
3HTHHM pacxoflOM SHepTHH; yBejiH^eHHe HHzryKTHBHOCTH HaKonHTejia, KOTopaa BXO- 

flHT BMeCTe C HH/iyKTHBHOCTbK) TOKOnOflBOflOB B HanaJIbHyiO HHflyKTHBHOCTb Lo flBH- 
raTe.ua, TaK>Ke OTpnHaTejibHO CKa3biBaeTCH Ha TaroBbix xaparrepHCTHKax HII^l,, oco- 
6eHHO ecjiH 3Ta HH^yKTHBHOCTb no BejiHiHHe conocTasHMa HJIH ^a>Ke ÖOJIbUie HH^yK- 
THBHOCTH pa3pHflHOH KaMepbi Lt,=L'-x3„, r,o,e L' - noroHHaa HH^yKTHBHOCTb 3JieKTpo- 
ÄOB, a Xgji - MaKCHMajibHoe paccToanne, KOTOpoe npoöeraeT TOKOBaa nepeMbiHKa no 
SJieKTpoflaM. 

BjiHaHHe >Ke BejiH^HHbi eMKOCTH HaKonnrejia Ha xapaKTepHCTHKH flBHraTena He- 
0flH03HanH0. OTflejibHbie HccjieflOBaTenH2 RenaiOT BbiBOfl o TOM, HTO ^;jia yjiynuieHHa 
xapaKTepHCTHK HeoGxo^HMO yKopanHBaTb pa3pa^ 3a cneT yMeHbuieHHa CMKOCTH H 
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yBejiHqeHHH 3apfl«Horo Hanp^^eHHa (T.H. SHeprra HaKoriHTena ocraeTca nocTOHHHofi), 
npH 3TOM HKo6bi noBbiniaeTca CTeneHb HOHH3an.HH H yjiyqmaeTCfl K03(|><|)HHHeHT HC- 

nojib30BaHHH paöonero rena. 
O^HaKo H3 aHajiH3a ypaBHeHHÖ npocTeöuieH MO^ejiH anexTpoMarHHTHoro ycKO- 

peHHü3 paHee HaMH SMJIH cfleiiaHbi BbiBOflbi4, HTO raroBbie xapaKTepHCTHKH 3po3HOH- 
Horo Him äOJDKHM yjiynmaTbca npH yzyiHHeHHH Toxa H npHflaHHH eMy 6ojibuiefi 
anepHOAHHHocTH (yBejiMHenHH ,a;eKpeMeHTa 3aTyxaHHfl). KaK noKa3braaeT HHCJieHHoe 
pemeHHe ypaBHemwi KOJie6aHHJi Toica B RLC-KOHType, STOTO MOHCHO jipöwrhcsi nyTeM 
yMeHbllieHM HHAyKTHBHOCTH pa3p*mHoro KOHTypa JIH6O yBejiHqeHHH aKTHBHOrO co- 
npOTHBJieHHH H eMKOCTH. ^HHaMHKa Ha yMeHbUieHHe HHßyKTHBHOCTH KOHTypa 3a CMCT 
HanajibHOH HHzryKTHBHOCTH peajnoyeTCfl no BO3MO>KHOCTH BO Bcex pa3pa6aTbiBaeMbix 
Hn^, oflHaKO 3^ecb cymecTByex <|)H3HHecKHH npe^eji, CBJoaHHbiH c KOHenHOCTbio 
COÖCTBeHHOH HHAyKTHBHOCTH KOHfleHCaTOpOB, COCTaBJHHOIHHX HaKOnHTeJIb 3HeprHH, H 
HHflyKTHBHOCTH TOKono^BOflOB. YBejiHHHBaTb aKTHBHoe conpOTHBJieHHe, KaK noica3a- 
Ho Bbime, Hejib3H. TaKHM o6pa30M eflHHCTBeHHbiM nyTeM nepexona Ha 6ojiee «jiHHHbiH 
pa3p$m c 6oiibLueH anepHOAHHHOCTbio HBJiaeTCH yBenHneHHe CMKOCTH C o^HOBpeMeH- 
HbiM CHHxeHHeM paöonero HanpaaceHHH, TaK HTOGM sHeprna, 3anacaeMaa B HaKonn- 
Terre, ocraBajiacb neH3MeHHOH. 

3KcnepHMeHTajibHan ycTaHOBica 

KoHCTpyKHHH SKCnepHMeHTajIbHOH MOflejIH Hllfl, 

HaKonnTejib Hn^ COCTOAJI H3 oßHHHafluaTH KOH^eHcaTOpOB cyMMapHOH eM- 
KOCTbio 103 MKO C MaKCHMajibHbiM sapHflHbiM HanpHHceHHeM 2,5 KB. KonneHcaTOpbi B 

cöopKe 6biJin pacnojioxceHbi no HaH6ojiee KOMnaKTHOH COTOBOö cxeMe H CKOMMyra- 
poßaHbi pjayun nnocKHMH Me^HbiMH uiHHaMH c npoKJiaAKOH MOK^y nocxreAHHMH (J)TO- 
ponjiacTOBofi njieHKH TOJIIUHHOH 0,2 MM TaK, HTO HanajibHafl HHiryKTHBHOCTb Heno- 
cpeÄCTBeHHO HaKonHTejiH cocraBHJia 10 HrH. HaKonHTejib 6bm cnpoeKTHpoBaH TaKHM 
o6pa30M, HTO yMeHbuieHHe ero CMKOCTH npoH3BO^Hi[ocb 3a cneT ycTpaHeHHa rajibBa- 
HHHeCKOTO  KOHTaiCTa  MQMffy  UeHTpaJIbHbIM  BblBOßOM  JIK)6orO   H3   KOHZjeHCaTOpOB  H 
BepXHen UIHHOH OUIHHOBKH 6e3 m^nrna KonzjeHcaTOpa H3 HaKonHTejia. ^Jia Hccjieflo- 
BaHHJi 6biJiH Bbi6paHbi cjieflyioiuHe SHaneHHH CMKOCTH: 26, 64 H 103 MKO. Bee 3Kcne- 

pHMeHTbi npoBOflHJiHCb npH SHeprHH, 3anacaeMofi B HaKonHTeire, 40-^100 J\JK. 

Pa3pHflHan KaMepa MUß npeACTaBJiajia H3 ce6a pejibcoTpoH c 6OKOBOH no^anen 
paöoHero Tejia (PT - OTOpomiacT-4) B paspa^HbiH Kanaji. KoHCTpyKUHH pa3pa#HOH 
KaMepbi H BHeuiHHH O6JIHK HaKonHTejiH SHeprHH noKa3aHbi Ha PHC.1. 

3jieMeHTbi pa3pa^Horo KaHaua HMCJIH orcenyiomHe pa3Mepbi: BbicoTa uiauieK pa- 
6onero Tena (paccTOAHne Meacfly 3JieKTpOAaMH) 40 MM, rjiyÖHHa pa3paflHoro KaHaJia 
(oceBOH pa3Mep uiameK) 30 MM, uiHpHHa KaHaua (paccTOHHHe Mea<fliy mauiKaMH) Mor- 
jia BapbHpoBaTbca B npeßenax OT 5 p,o 20 MM. LLInpHHa ajieKTpoflOB 6bma B3aTa 40 
MM, flJTHHa 3JieKTpOflOB OT TOpneBoro H30JWTOpa flo cpesa - 70 MM. 

BJIOK pa3pH,a;HOH icaMepu 6bui BbinojiHeH H3 cTeKHOTeKCTOJiHTOBoro cHJiOBOro 
Ha6opa, Ha KOTopoM KpenHJiHCb: aneKTpo^bi HITfl (aHOfl (2) H KaTOfl (3)); TopueBofi 
H30JIHT0p (4), BbinOJIHeHHblH H3 aJiyHfla H HTHaiiTep (5) CHCTeMbI HHHHHHpOBaHHH pa3- 
pafla. llIauiKH paöonero Tejia (6) (J)HKCHpoBajiHCb nyTeM 3a»aTHa Meac^y ajieKTpofla- 
MH HIT^. Ha CTa^HH jia6opaTOpHoö OTpa6oTKH 6buio npHHATo pemeHHe oTKa3aTbca 
OT CHCTeMbi noflaHH uiauieK, TaK KaK B nponecce He6onbuiHX cepHÖ cpaGaTbiBaHH« 

ycTpoMcTBa (~3-103 HMnyjibCOB) reoMeTpHH pa3pHflHOü KaMepbi 3a cner Bbipa6aTHBa- 
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HHH UiaiUeK H3MeHHexCa OHCHb He3HaHHXeJIbHO. B TOpUCBOM H30JiaX0pe 6bIJia BbinOJI- 
HeHa (J)opKaMepa rnyÖHHOH 5 MM, Koxopaa cjiy>KHX #Jia JiHKBHflanHH HayraepoÄHBa- 
Hun. pa6oynx noBepxHocxefi 4>xoponjiacxoBbix inauieK B o6jiacxH CTHKOBKH HX C xop- 
UeBblM H30JiaXOpOM. 

EJIOK HHHUHHpoBanHa pa3pa#a (BHP) (7) KpenHJica CBepxy HaKonHxejra SHeprHH. 
3apHflKa BHPa ocymecxBJiaJiacb OT ocHOBHoro 3apa,o;Horo Hanpa>KeHHa Him. RJW 

3JieKTpHHecKOH pa3BH3KH 3apa,n;Hbix neneö ocHOBHoro HaKonnTenH H BHPa B nenb 
nocjie/jnero 6HJIH BBe^enbi ,n,Ba conpoxHBJieHHa no 1,3 KOM. HHHHHHpoBaHHe Ha #aH- 
HOH MO^ejiH 6buio peanH30BaHo no .HByxcxyneHHaxoH cxeMe, B CBJOH C SXHM HraaHTep 
COCXOHJI H3 flByX CXep>KHeBbIX SJieKTpOflOB, pa3fleneHHbIX KepaMHHeCKHM H30JiaXOpOM, 
n TpeTbero 3JieKxpo,n;a B Bn^e nojioro mvmnjxpa, oxBaxbiBaiomero sxox H30Jiaxop. Bca 
coopxa B CBOK) o^epe^b noMemajiacb B TOHKOCTeHHyio KepaMnnecKyio xpyöicy c Ha- 
py>KHbiM flnaMeTpoM 8 MM. 

H HaKonHTejib H y3eji pa3pa,n,HOH KaMepbi Kpennjincb Ha o6meH CHJIOBOH minxe 
TOJIIUHHOH 8 MM H3 TeKCTOJiHTa. OjiHTa HMejia neHTpOBOHHbie ajieMeHTbi jyia TOHHOM 

ycTaHOBKH M.UR Ha nnar^opMy xaroMepa. 
Heo6xo#HMO OTMeTHTb, 4TO paHee B jia6opaTopHM npn ynacxHH o^Horo M3 aB- 

TopoB Sbijia nccjieAOBaHa Mo/jenb HIT/], c HaKonnxejieM eMKOCTbio 200 MKO. HaKonn- 
Tejib 3TOH MOflejin cocxoaji H3 flByx KOHfleHcaTopOB no 100 MK<J>, nosTOMy ero Ha- 
najibHaa HH^yKTHBHOCTb 6biJia 6ojiee neM B ppa pa3a Bbime, qeM y onncaHHon Bbime 
MOflejiH. KpOMe Toro HayrjiepoxHBaHne pa6oMHX nosepxHOCxeii uiameK paöonero 
Tejia, BM3BaHHoe no Bcefi BHZJHMOCTH cHJibHWM BHHOCOM TOKa H3 pa3paflHOH KaMepbi, 
noTpe6oBajio ycxaHOBKH 4>opicaMepbi rjiy6nHOÖ 20 MM, HTO xaioice oxpHuaxejibHO CKa- 
3ajiocb Ha xapaKxepncxracax HIT,!!,. B CBSOH C STHM ero xapaKTepHCTHKH öynyx npHBO- 
flHXbCa 3fleCb flJIH CpaBH6HHH KaK HH(J)OpMaHHOHHbie. 

OreHUOBoe o6opy,n;oBaHHe 

3KcnepHMeHxajibHaH oxpa6ox*:a Küß npoBOflnxca B BaKyyMHofi KaMepe o6i>e- 
MOM 2 Ky6. M npn AaBJieHHH ocxaxo^Horo ra3a He 6ojiee 0,01 üa. 

noflana pa6onero HanpsoKeHna Ha ABHraxejib, a xaicxe HMnyxtbcoB Ha 3anycx 
«BHraxena B nponecce Jia6opaxopHO0 oxpa6oxKH ffllfl ocymecxBJiaJiacb ox cxeHflo- 
BOH CHcxeMbi 3JieKxponHxaHH« H ynpaBJieHHH. 

fljia xoHHoro KOHxpojw 3apa,a;Horo HanpiDKeHHH Ha Hccjie^yeMOH MOßejiH Hn^ 
6bm npHMeHeH CMeniaHHbrii RC-a,ejraxejib c K03<|)<|)HnHeHX0M ^enemix 1:1017, KOXO- 

pbiH KOMMyxHpoBancfl Ha 3apa^Hbie KJieMMbi ^BHraxejiH. Rnn 6e3onacHocxH npOBe^e- 
HHa H3MepeHHH Kaxofl HITTJ 3a3eMJianca. ToHHoexb H3MepeHHH 3apnflHoro Hanpa>Ke- 
Hna HaKonHxejia HenocpeflcxBeHHO nepefl cpaöaxbiBaHHe ycxpOHCXBa npn noMomn 
AejiHxejia cocxaBnxa BejiHHHHy ±5 B, qxo cooxBexcxByex XOHHOCXH KOHxpojia 3ana- 
caeMofi SHeprHH HC xy^ce 1%. 

PeracxpauHa pa3paji;Horo xoxa ^BHraxejia npOBOflHJiacb c noMonjbio noaca Po- 
roBCKoro, oxBaxbiBaBuiero aHOAHyro uiHHy. J\m HHxerpHpoBaHna cnraana 6bui npH- 
MeHeH RC-HHxerpaxop. ^ycxBHxejibHocxb noaca PoroBCKoro c HHxerpaxopOM cocxa- 
BHJia 17 KA/B. 

Cpe^Haa xara Hn,H, onpe^ejianacb c Hcnojib30BaHHeM MaaxHHKOBoro xaroMepa 
npaMoro fleficxBHa. 

OnpeflejieHHe pacxo^a paöonero xe^a npoBOAHnocb B3BeuiHBaHHeM uiauieK PT 
Ha aHanHXHHecKHx Becax A^B-200M 2-ro KJiacca XOHHOCXH. 
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HccjiejoBanne xapaKTepHCinK MU 

B npouecce 3KcnepHMeHTOB HCCneflOBajiHCb TaroBbie xapaKTepncTHKH flBHraTcna 
(cpe^Haa Tara npH qacTOTHOH pa6oxe H Macca pa6onero Tejia, apo^HpyeMaa 3a O^HH 

HMnyjibc), a Taoce (JDHKCHpoBanacb (j)opMa H BejiHMHHa pa3paflHoro TOica. 

Pa3pjmHbIH TOK B ffllJX 

ripeacfle Bcero HeoöxoflHMO paccMOTpeTb, KaK H3MeHaerca pa3pa«HbiH TOK B 

TATIR c SOKOBOH noflaneH paöonero Tejia H xapaKreprayeMaa HM HH^yKTHBHOCTb ABH- 

raTenji BO BpeMa paöoTbi, B 3aBHCHMOCTH OT CMKOCTH HaKonHTena SHeprHH. Ha PHC.2 

npe^CTaBJieHbi (J)opMbi pa3pHAHbix TOKOB HCCJieflOBaHHbix MO,n;H(f)HKaHHH WUR: 1 - 
TOK B flBHraTejie c HaiconHTejieM eMKOCTbio 26 MKO; 2 - TOK B ^BHraTejie npn CMKOCTH 

HaKOiTHTejia 64 MK<D; 3 - TOK B flBHraTejie c HaKontrrejieM eMKOCTb 103 MKO. Ha 3TOM 

ace pncyHKe fljia cpaBHeHHH npHBe#ena <J)opMa TOKa B flBHraTejie, HaKonHTejib KOTopo- 
ro HMen eMKOCTb 200 MK(D (uiTpnxoBaa HHHHH). KaK yßoÖHyio xapaKTepHCTHKy ere- 
neHH anepHOAHHHOCTH pa3pafla MOKHO BBCCTH cooTHomeHne BejiHHHH aMnjiHTyzi; nep- 

Boro H BToporo MaKCHMyMOB pa3pHAHoro TOKa I = /i//2- 3HaneHHa 3Toro napaMer- 
pa fljia ßBHraTejiefi c pa3JiHHHbiMH CMKOCTHMH HaKonHTejien npHBe,n;eHbi B Ta6jiHue. 
TaM xe AaHbi pacHHTaHHbie no oeuHJUiorpaMMaM TOKa cpe^HHe HH,zryKTHBHOCTH pa3- 

pa#a Ha nepBOM nojiynepnofle TOKa Ls. 

Ta6jiHua 

EMKOCTb 
HaKonHTenfl 

HanajibHaa HH- 

flyKTHBHOCTb 
Lo (nrH) 

Pa3paflHaa HHflyK- 
THBHOCTb Him, 

u (Hrn) 

HHflyKTHBHOCTb 
TOKOBOH nepeMbiHKH 

Lp=Lj;-Lo (HFH) 

CooTHoineHHe 
HHflyKTHBHOCTeK 

i-JOTH^i^p/ijO 

üapaMerp 

26 MKO 20 35 15 0,75 1,8-2,0 

64 MKO 20 40 20 1,0 2,4 

103 MKO 20 45 25 1,25 2,5 

200 MKO 50 85 35 0,7 2,75 

no BejiH4HHe Lp MoacHO npHMepHO oueHHTb, KaKoe paccToaHHe x.™ npoxo^HT 
"ueHTp Mace" TOKOBOH nepeMbiHKH Bflojib ajieKTpOflOB BO BpeMa nepBoro nojiynepHO- 
#a TOKa. YnHTbiBaa TO, HTO noroHHaa HHAyKTHBHOCTb 3JieKTpoflOB L' y Bcex paccMaT- 
pHBaeMbix HUR 6bma Ha ypoBHe 6,5 HrH/cM, MOMO pacHHTaTb BejiHHHHy x3JS flira 
ABHraTejiefi (B nopa^Ke B03pacraHHa CMKOCTH HaKonHTejia): 2,3 CM / 3,0 CM / 3,8 CM / 
5,4 CM. nocjie^Haa HHCJ)pa, KOTOpaa OTHOCHTCH K MO^ejiH WIR c eMKOCTbio HaKonn- 
Tejia 200 MKO, KOCBeHHO noflTBepjK/jaeT npaBHJibHOCTb npeßnojioKeHHa o TOM, «ITO 

npHHHHa HayrjiepoacHBaHHH uiauieK pa6onero Tejia B STOH MOflH(|)HKaHHH .HBHraTejia 
CBa3aHa c CHJibHbiM BbmocoM pa3paflHoro TOKa B^ojib ajieKTpoflOB, B pe3yjibTaTe nero 
raioTHocTb H3JiyneHHa H3 nna3Mbi Ha uiauiKH pa6onero xena He^ocTaTOHHa He TOJIMCO 

fljia aöJianHH (JDToponjiaara, HO H fljia CHaTHa TOHKOH rpa<|)HTOBOH mierncn, KOTOpaa 
ocaac^aeTca Ha noBepxHOCTb mameK nocjie Kaaqjoro pa3pa#a. 

H3 coBMecTHoro anajtH3a ^aHHbix, npHBefleHHbix B Ta6jiHne, H TaroBbix xapaK- 

TepHCTHK flBHraTerieH, onwcaHHbix flaitee, BHAHO, HTO BHCOKHH napaMeTp / aBJiaeTca 
Heo6xoAHMbiM, HO He ßocraTOHHbiM ycjiOBHeM flJia nonyneHHa Jiynuinx BenHHHH HM- 

nyjibca Tara H KUß, - neoöxoflHMO eme, HTOöM cooTHonieHHe L0TH HH^yKTHBHOCTH 
pa3paflHOH KaMepbi Lp H HananbHOH nnnyKTHBHocTH L0 6HJIO TaKKe BMCOKHM. 

KpHBOHOCOB H.F. 



TaroBbie xapaKTepHCTHKH HIl^ 

Cpe/jHaa Tara HII^ onpeaenanacb c Hcnonb30BaHHeM MaaTHHKOBoro TaroMepa 
npaMoro AeficTBHH. npn HacTOTHOH pa6oTe nBHraTena (f=2 Tu) nnaT<J)opMa TaroMepa 
nofl fleficTBHeM CHJIM peaKTHBHOH Tarn CMemaeTca. BenHHHHa CMeineHHa (|)HKCHpyeTca 
no  H3M6HeHHK) 3a30pa MOKfly HHnyKHHOHHbIM flaTHHKOM  H  nJiaCTHHOH  H3  MarHHTO- 
Mancoro MeTajina, Hcecnco saKpeimeHHOH Ha nnaT(|)opMe, H nponopunoHanbHa cpen,- 
Heö Tare VLTIJ\. CnrHan c naTHHKa BbiBonHTca Ha MHJiJiHBOJibTMeTp. 

A6cojiK)THaH BenHHHHa Tarn flBHraTena onpenenanacb nocjie KajiHÖpoBKH Taro- 
wtepa CTaTHHecKOH CHJIOH onpeneneHHOH BejiHHHHbi. HMnynbC Tarn BbicHHTbiBaeTca 
aejieHHeM cpenHen Tarn ABHraTena npH nacTOTHOH paÖOTe Ha nacroTy aienpBaHHa 
HMnyjibCOB. 

J\sia onpeflejieHHa pacxo^a Maccbi pa6onero BeinecTBa 3a HMnyjibc npOBOHHnocb 
B3BeuiHBaHHe uiaiueK Ha aHanHranecKHx Becax no H nocne cepHH H3 HecKOJibKHx Tbi- 
can HMnynbcoB. ToHHOCTb B3BeiiiHBaHHH cocTaBJiflJia 0,1 Mr, HTO npn pacxo^e pa6one- 
ro Tejia 3a cepnio He Menee 200 Mr cooTBeTCTByeT TOHHOCTH H3MepeHHa pacxona pa- 
6onero Tejia 3a HMnyjibc He xy>Ke 0,05%. 

HepefifleM K paccMOTpeHHio TaroBbix xapaKTepHCTHK onncbiBaeMbix nBHraTenen. 
B npouecce HCcnenpBaHHa onpen,enanHCb 3aBHCHMOCTH MX OT SHeprHH, 3anacaeMOÖ B 

HaKoriHTejie HII/3,, H OT uiHpHHbi paspa^Horo KaHajia (paccroaHHa ueyKpy uiauiKaMH). 
Ha PHC.3 npe^cTaBJieHbi 3aBHCHMocra xapaKTepHCTHK Him, c HaKonHTeneM eM- 
KOCTWO 103 MKO H pa3paflHbiM KaHanoM UIHPHHOH 20 MM OT SHeprHH HaKonHTena. H3 
pHcyHKa BHflHO, MTO npn 3HeprnH 100 ^x HMnyjibc TarH nocTHraeT BenHHHHbi 2,7 
MH-C npn TOM, MTO TaroBbiM K03(|)(j)HHHeHT none3Horo flencTBHa cocTaBJiaeT 16,2%. 

Ha PHC.4 noica3aHo BnnaHHe mnpHHbi pa3pan,Horo KaHana Ha xapaKTepHCTHKH 
TOO >Ke MOflH(|)HKanHH HTLR npH 3HeprHH 80 ^x. Ilpvt npyrnx 3HaneHHax 3anacaeMofi 
3HeprHH ÄHHaMHKa H3MeHeHHa napaMeTpOB npn H3MeHeHHH iHHpHHbi KaHana coxpa- 
HaeTca, HO, ecTecreeHHO, Ha npyroM ypOBHe a6cojiK>THbix 3HaneHHH. 

H3 PHC.4 BH;I,HO, HTO Hn^l, c öOKOBOH nonaqen paöonero Tejia no3BOjiaeT 3a 
cneT H3MeHeHHa uiHpHHbi KaHana BapbHpoBaTb napaMerpaMH njia3MeHHoro crycTKa: 
MoacHO noBbiuiaTb HMnyiibc Tarn 3a cneT He3HaHHTejibHoro nponrpbiiua B Kn^ H Ha- 
o6opoT. To ecTb npn H3MeHeHHH uiHpHHbi KaHana nponcxonHT H3MeHeHHe cooTHome- 
HHa ra30flHHaMHHecKoro H ajieKTpOMarHHTHoro MexaHH3MOB ycKOpeHHa H HX BKJia^a B 

HMnyjibc TarH H Kn/J. 
Ha PHC.5 npuBenenbi xapaKrepHCTHKH Tpex nBHraTeneM c pa3HbiMH eMKOCTaMH 

HaKonHTenen: 26 MKO, 64 MKO H 103 MKO. Rna Bcex xapaKTepHCTHK HanajibHbie 
ycjiOBHa onHHaKOBbie: 3anacaeMaa 3Heprna 80 /Jxc H uiwpHHa pa3panHoro KaHana 20 
MM. Ha pncyHKe npHBeneHbi TaKxe naHHbie pjin flBHraTena c eMKOCTbio 200 MKO, xoTa 
ero HanajibHaa HH,oyKTHBHOCTb 6bma HeynpBneTBopHTenbHO BMCOKOH, HTO He no3BO- 
naeT npoBO^HTb a^eKBaTHoe cpaBHeuHe ero xapaKTepHCTHK c xapaKTepncTHKaMH npy- 
THX onncbiBaeMbix Mo^eneH. Bcne^cTBHe BHCOKOH HananbHOH HH^yKTHBHOCTH H ray- 
6OKOH (J)opKaMepbi TaroBbie xapaKTepHCTHKH STOH Monenn 6binn OTHOCHTenbHO HH3- 
KHMH. 

H3 PHC.5 BHflHa OTHeTnHBaa TeH^eHHHa Ha ynynmeHHe Bcex napaMeTpOB npn 
noBbiuieHHH eMKOCTH HaKonHTena: yBennneHHe HMnynbca Tarn, CKOpocra H Kn^ H 

yMeHbmeHHe apoflHpyeMOH Maccbi. 
OflHaKO, TaK KaK no Mepe yBennneHHa CMKOCTH HaKonHTena yBenHHHBaeTca Bbi- 

HOC TOKOBOH nepeMbiHKH B^onb aneKTpo^oB, ocTaeTca He np KOHna nccne^OBaHHbiM 
Bonpoc, npn KaKOH CMKOCTH HaKonHTena xapaKTepHCTHKH HanHyT yxyznuaTbca 3a 
cneT yBennqeHHa rny6HHbi (f)opKaMepbi, Tpe6yeMOH nna nHKBH^auHH Hayrnepo>KHBa- 
Hna, KaK 3TO npoH3ouino na nBHraTene c HaKonHTeneM 200 MK<3>. 

KpHBOHOCOB MX. 
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HccjiejoBauHe pacnpeaejieHHH TOKa Bjojib 3Jieiapo.aoB 

fljia onpefleneHHH flHuaMHKH TOKOBOH nepeMbiHKH B cjiynae noBbiuieHHOH eM- 
KOCTH HaKonHTejw Hn,fl, SbiJio npoBeÄeHO HccjießOBaHHe pacnpe^eJieHHa pa3pwHoro 
TOKa no flJiHHe ajieKTpoflOB «BHraTejin npn noMonni noacoB PoroBCxoro, BMOHTHPO- 

BaHHbix B KaTOfl. 9TH 3KcnepHMeHTbi SbiJiH npoBeaeHbi Ha KOHipHrypauHH HUJ\ c eM- 
KOCTbK) HaKonHTejra 103 MKO. 

ßjia ycTaHOBKH noacoB PoroBCKoro B KaTO^e flBHraTejia 6buiH BbinojiHeHbi BO- 

ceMb nonepenHbix oTBepcTHH ^HaMeTpOM 3 MM. CxeMa pacnojio^ceHH« oTBepcraß, a 
TaKace oKOHHaTejibHaa cxeMa ycTaHOBKH OAHOTO H3 noacoB PoroBCKoro B KaTOfle no- 
Ka3aHbi Ha PHC.6. KaK BHAHO H3 pncyHKa, ycTaHOBJieHHbiH TaKHM o6pa30M noac pera- 
cTpHpyeT TOK, coÖHpaeMbiö ynacTKOM noBepxHOCTH KaTO^a, orpaHHneHHbiM ppyMa 

na3aMH. OceBaa npOTaaceHHOCTb Kaxfloro yqacnca 6 MM. IIInpHHa na3a Meac^y 
yqacTKaMH - 1 MM. CneuHajibHO nop, 3Ty 3a«aqy 6bmo H3roTOBJieHO HecKOJibKO noa- 
COB PoroBCKoro ^HaMeTpOM 2,5 MM (MEUIMH flnaMeTp Topa). H3-3a yMeHbUieHHOro 

^HaMeTpa HX nyBCTBHTejibHOCTb cocraBHna 85 KA/B. 

OflHOBpeMeHHo Ha KaTOfl ycTaHaBJiHBajiocb OT oflHoro «o Tpex noacoB. Pern- 
cTpauHa TOKOB npOH3BO«HJiacb BO MHOTHX HMnyjibcax H nocjie STOTO Bee ^aHHbie 
noABeprajiHCb eraTHCTHHecKOH o6pa6oTKe. XapaKTepHaa ocuHiuiorpaMMa TOKOBOTO 

CHrnana c ORHOVL H3 njioma,ti;oK npHBefleHa Ha PHC.7. 

OöpamaeT Ha ce6a BHHMaHne KOPOTKHH BcnjiecK B Hanajie ocHHJinorpaMMbi. 3Ta 

oco6eHHOCTb npHcyrcTByeT Ha Bcex «HarHOCTHpyeMbix ynacTKax KaTOfla (KpoMe nep- 
Boro, r«e OH cjiHBaeTca c OCHOBHMM CHraajioM), npnneM neM /jajibiue ynacTOK pacno- 
noaceH OT TopueBoro H3oxtaTopa, TeM öonbuie BpeMa MaKCHMyMa STOTO nHHKa. ITo 
paccToaHHio Moigry ynacTKaMH KaTO^a H no cMemeHHio BO BpeMeHH umxa MOXHO 

OUeHHTb CKOpOCTb flBHHCeHHa SJieMeHTa TOKa, KOTOpblfi BbI3bIBaeT 3Ty 0C06eHH0CTb Ha 
ocijHJiraorpaMMe. OHa cocTaBJiaeT npHMepHo 40 KM/C. Ilo aHajioran c nna3MeHHbiM 
4>op-crycTKOM, KOTOpbm Bcer^a npHcyrcreyeT B ffllJS?, MOäHO Ha3BaTb 3Ty nacTb 
TOKa <|)op-TOKOM. OceBaa npOTaaceHHOCTb <pop-TOKa cocTaBJiaeT npHMepHo 10-15 MM. 

nepe^HMH <$)poHT ocHOBHOH MacTH TOKa, KOTopaa npeflcraBJieHa Ha PHC.7 6ojib- 
UIHM rop6oM Ha ocimJuiorpaMMe, flBH^ceTca co CKopocTbio npHMepHo 25 KM/C, np« 
TOM, HTO CKOpOCTb "ijeHTpa MaCC" 3TOTO TOKa  10-13 KM/C. HHTepeCHO OTMeTHTb, HTO 
cpe^HeMaccoBaa  CKOpOCTb  nJia3MeHHoro  crycTKa «Jia STOTO  peacHMa  cocraBJiaeT 
1 1 KM/C. rtpOTa^CeHHOCTb OCHOBHOTO TOKOBOTO CJIOa BflOJIb OCH HHaceKUHH nna3Mbi - 

30-40 MM (flJIHHa 3JieKTpOflOB 70 MM). 

^HHaMHKa flBH)KeHHa TOKOBoro cjioa BflOJib sjieKTpoflOB Him BO BpeMeHH noKa- 

3aHa Ha PHC.8, r^e npHBeaeHbi 6e3pa3MepHbie racTorpaMMbi pacnpe^eneHHa TOKa B 

pa3JIHHHbie MOMeHTbl BpeMeHH.  BH#HO,  HTO (pOp-TOK flOCTHraeT Cpe3a SJieKTpOflOB B 
KOHne BTOpOH MHKpoceKyHflbi pa3pa^a H nopoacflaeT TaM TOKOByio npHBa3Ky, nepe3 
KOTopyio Ha qeTBepTOH MHKpoceKyHße pa3pa^a (mtHTejibHOCTb nojiynepHO«a pa3pa^- 
Horo TOKa - 7,2 MKC) npoTeKaeT 3aMeTHaa nacTb Bcero pa3paflHoro TOKa. npn npn- 
öjiHxeHHH cyMMapHoro TOKa B HII^; K Hyjiio B nna3Me o6pa3yeTca 3aMKHyTaa TOKO- 

Baa neraa, 3aMbiKaiomaaca n&pes sneKTpo^bi KaK noKa3aHO nyHKTHpHOH JIHHHCH Ha 
PHC.6: B MOMCHT (t=7,2 MKC), Kor«a no ocnHJUiorpaMMe pa3paflHoro TOKa (CM. PHC.2) 

TOK B «BHraTejie paBeH Hyjiio, BCC eme cymecTByer npHB33Ka Ha KOHqax sneKTpo^OB H 

yace pa3BHBaeTca TOK oGpaTHoro HanpaBJieHHa BAOJib TopneBoro H30JiaTopa. Ha BTO- 

poM nojiynepnofle TOKa KapTHHa npaKranecKH noBTOpaeTca, TOJibKO npn oTcyTCTBHH 

(J)Op-TOKa. 

KpHBOHOCOB HX. 



Pa6oTOcnoco6HOCTb paapanHoro KaHajia HTlß, 

B 3aKJiK)HeHHH 6MJIO npoBe^eno HCCJieflOBaHne pa6oTocnoco6HOCTH flBHraTejia 
Ha pa3JiHqHbix peacHMax paooTbi (BapbHpoBariHCb SHepraa, eMKOCTb H paccTOHHHe 
MOKfly iuauiKaMH pa6o*iero Tena) c TOHKH 3peHHfl oTcyTCTBHH HayrjieponcHBaHHa pa- 
6OHHX noBepxHOCTeä uiauieK paöonero Tejia. 3TH HCCJießOBaHHfl noKa3ajiH, mo flJia 
HaKonHTeira noBbimeHHoii CMKOCTH KPHTHHCCKHH peacuM (Haqario HayraepOMCHBaHHfl) 
npH CHH>KeHHH 3anacaeMOÜ sHepr-HH HacTynaeT Ha Sojiee BWCOKOM ypOBHe SHepriw, 
HeM flJIH HaKOnHTeJI« MeHbUieH eMKOCTH. flo BHflHMOMy 3TO CBfl3aHO C 6oJIblHHM Bbl- 
HocoM TOKa H3 paspaaHoro KaHajia npH yßejiHHeHHH /yiHTejibHOCTH pa3paaHoro TOKa. 

BblBOflbl 

1. npOBe,n;eHHbie Hcane,n,OBaHHa noATBep^HJiH npaBHJibHOCTb npejrnojiOÄeHHfl o TOM, 

HTO npn yBejiHqeHHH eMKOCTH HaiconHTejiJi SHeprHH TaroBbie xapaKrepHCTHKH MIß 
noBbiuiaioTCfl. 
2. noBbiuieHHe xaparrepHCTHK B STOM cjrynae CB*r3aHO, no BceM BHAHMOCTH, C yzuiHHe- 
HHeM pa3pHfla H yBejiHHeHHeM flei<peMeHTa 3aTyxaHHa pa3paflHoro TOKa, HTO, B CBOK» 

onepe^b, CKa3biBaeTca Ha JiyquieM coraacoBaHHH BpeMeHHOH cpopMbi pa3paflHoro TOKa 
H flHHaMHKH Bbixofla Maccw c noBepxHOCTH uiauieK paöonero Tena. 
3. IIoBbiHieHHe eMKOCTH HaKonHTejia HT1R HeceT B ce6e H HeraTHBHyio TeH#eHUHio, 
CBjnaHnyio c yBejiHHeHHeM BbiHOca TOKa H3 pa3pHÄHofi KaMepw H, TaKHM o6pa30M, 
OTAajieHHeM 30HH reHepaunu Maccw (mauiKH PT) H 3OHW ycKOpeHHfl (TOKOBMH CJIOH). 

Kpoiwe Toro 6ojibmoH BHHOC TOKa npHBOflHT K yxyfluieHHK» pa6oTocnoco6HOcra 
WTIJX c TOHKH 3peHHH HayraepoiKHBaHHJi uiauieK PT. 
4. H3 flßyx npeubmymnx nyHKTOB MOHCHO c^ejiaTb BMBOJI O TOM, HTO jana. KaMmoro 
ypOBHH 3HepreTHKH HTIR #ojDKHa cyruecTBOBaTb onrHMajibHaa eMKOCTb HaKonnTejw 
SHepTHH. 
5. 3KcnepHMeHTajibHO o6HapyaceHo cymecTBOBaHHe B HCCjie,a,oBaHHbix Mo^ejiax HUR 
TaK Ha3bmaeMoro (pop-TOKa. Ylo HauieMy MHCHHIO ero HajiHHHe HBJiaeTca cKOpee OT- 

pHuaTenbHbiM (paKTOM, T.K. OH npOBOUHpyeT CHUbHyio TOKOByio npHB»3Ky B^aneKe OT 

HCTOHHHKa MaCCbl. 
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PHC. 1. CxeMa Him H KOMnoHOBKa pa3paflHOH KaMepH 

1 - cHJioBOH Ha6op; 2 - aHOfl; 3 - KaTOfl; 4 - TopijeBOH H3OJIHTOP; 5 - HraaHTep; 
6 - mannen pa6onero rena; 7 - EHP; 8 - none PoroBCKoro 
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PHC.3. 3aBHCHMOCTb TflroBbix xapaKTepHCTHK VLTIJX OT SHeprHH HaKOiraTejia 
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PHC.4. 3aBHCHMOCTb TiiroBbix xapaKTepHCTHK Him, OT uiHpHHbi pa3paji;Horo KaHana 
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PHC.6. PacnojioaceHHe noacoB PoroBCKoro B KaTO^e 
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Abstract 

The technology of small spacecrafts needs micropropulsion systems for attitude control 
in Earth orbit, orbit raising etc1. One of the real claimant for this application is pulsed plasma 
thruster (PPT), which can operate at the power level of tens watts and has low weight, small 
size, low thrust level and small impulse bit. 

The main element of PPT is capacitance energy storage (ES). Its electrical parameters, 
such as capacitance, inductance and active resistance, can exert influence not only on proc- 
esses in discharge channel, but also on thrust characteristics of PPT. 

In this article preliminary results of investigation of ES capacitance influence on PPT's 
thrust characteristics are presented. Besides that the investigation of discharge current distri- 
bution along PPT electrodes was accomplished by means of Rogovski belts mounted into the 
cathode. 

As the result of experiments we received the dependencies of measured (impulse bit and 
plasma blob mass) and calculated (overage plasma velocity and PPT efficiency) PPT's thrust 
characteristics vs. the capacitance of ES. These dependencies shows, in investigated range of 
capacitance, the tendency to improvement on PPT characteristics (impulse bit is greater by 
-10%, efficiency - by -20%) when high capacitance ES is used. 

The investigation of current distribution along PPT electrodes shows that main current 
layer in plasma has longitudinal dimension of 30-40 mm and moves along the electrodes with 
the velocity of about 10-13 km/s. It was noted that at the beginning of discharge (before the 
main current layer) such called foregoing current (fore-current) is presented. This fore-current 
moves along the electrodes with the velocity of about 40 km/s. 

Introduction 

One of the way to increase PPT's thrust characteristics is to optimize ES electric pa- 
rameters. But in that case we need to know the influence of any parameter on processes in 
discharge channel and accordingly on thrust characteristics of PPT. 

The influence of inductance and active resistance of ES on PPT characteristics is clear: 
the increasing of active resistance of any element of discharge circuit leads to the increasing J 
of Joule heating in this element, but it's harmful energy expenditure; the increasing of ES in- I 
ductance, which is the part of PPT initial inductance L0, also exerts negative influence on PPT | 
characteristics, especially if this inductance is equal or greater than discharge chamber induc- 
tance Ld=L' -X, where L' [H/m] is electrodes' specific inductance and X [m] is maximum 
distance of current moving along the electrodes. 

But the influence of ES capacitance on thrust characteristics of PPT is indeterminate. 
Some investigators2 consider that it is necessary to shorten the discharge by means of the ca- 
pacitance decreasing and voltage increasing (so that the energy was constant) in order to im- 
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prove PPT characteristics: this step must leads to degree of ionization increasing and working 

body utilization improving. 
But on the basis of equations of simple electromagnetic model3 earlier we drew a con- 

clusion4 that PPT's thrust characteristics must improve when current is prolonged and aperi- 
odic (decrement of current oscillations is high). After numerical solution of RLC-circuit os- 
cillations equation it's clear that it can be made by means of inductance decreasing or active 
resistance and capacitance increasing. The tendency of circuit inductance decreasing at the 
expense of initial inductance is presented on all of our PPTs, but in this way it's physical lim- 
its, which are connected with internal inductance of capacitors and transmission lines induc- 
tance. So the only way to make aperiodic (or quasi-aperiodic) discharge in PPT is the in- 
creasing of capacitance and at the same time decreasing of voltage, so that the energy of ES 

will be constant. 

Experimental Set 

PPT experimental model 

ES consists of eleven capacitors and has total capacitance of 103 U.F (maximum work- 
ing voltage of capacitors - 2,5 kV). The capacitors in ES were placed by compact honey- 
comb scheme and connected by means of two flat copper transmission lines. Between the 
lines insulating Teflon film of 0,2 mm thickness was inserted. Initial inductance of ES itself is 
10 nH. ES was designed like that it was possible to decrease its capacitance by means of re- 
moval electric connection between central outlet of any capacitor and upper (ground) trans- 
mission line without the withdrawal of capacitor. Next values of capacitance were chosen for 
investigation: 26, 64 and 103 up. Stored energy was in the range 40-100 J. 

PPT's discharge chamber was railgun-type with side feeding of working body (Teflon). 
Structure scheme of discharge chamber and external view of ES are depicted in Fig.l. 

The elements of discharge channel have next dimensions: height of Teflon bars 
(distance between the electrodes) - 40 mm, depth of discharge channel (axial dimension of 
bars) - 30 mm, width of the channel (distance between the Teflon bars) can changed from 5 
to 20 mm. Electrodes width was 40 mm, length of electrodes from back ceramic insulator to 

the cut - 70 mm. 
Discharge chamber's body (1) was made from textolite, on which next elements were 

mounted: PPT electrodes (anode (2) and cathode (3)); back insulator (4) and spark plug (5). 
Teflon bars (6) were fixed between the electrodes. On the stage of experimental investigation 
we are decided don't use bars feeding system, because after small series of PPT firings 
(-3-103 pulses) distance between Teflon bars changes very slightly. On the body of back in- 
sulator so-called forechamber with depth of 5 mm was made. Forechamber is necessary for 
elimination of carbonization of Teflon bars surfaces 

Discharge ignition unit (DIU) (7) was mounted on ES. DIU use the same voltage that 
ES use. In order to eliminate the influence of ES and DIU on each other two resistors of 1,3 

kO were used in the electric circuit of DIU. Ignition at this PPT was two-staged, so spark 
plug consists of three electrodes: two pins and one cylindrical. The outer diameter of spark 

plug is 8 mm. 
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ES and discharge chamber were mounted on textolite plate, which had elements for 
precision installation of PPT on thrustmeter platform. 

It is necessary to note that earlier in laboratory under participation of one of authors 
model of PPT with 200 uF ES was tested. ES of this model consisted of two 100 uF capaci- 
tors, so its initial inductance was more than two times greater than the one of described 
model. Moreover the carbonization of Teflon bars, which was caused by current great going 
out the discharge chamber, leads to necessity of mounting the forechamber with depth of 20 
mm. All of this had negative influence on PPT characteristics. So this PPT characteristics will 
be used in present report only for information and comparison. 

Experimental stand equipment 

PPT experimental testing was made in vacuum chamber with volume of 2 m under 
pressure less that 0,01 Pa. 

Experimental stand system of power supply and control was used in order to provide 
PPT with electric power and control signals during testing. 

For precision control of ES charging voltage mixed RC-divider with coefficient 1:1017 
was used. Divider was mounted on PPT input leads. Cathode was grounded for safety ex- 
periments. The precision of charging voltage measurement directly before PPT firing using 
divider was ±5 V which corresponds to stored energy control precision about 1%. 

PPT discharge current registration was carried out by means of Rogovski belt, which 
was laid around ground transmission line (num.8 in Fig.l). RC-integrator was used for Ro- 
govski belt signal integration. The sensitiveness of belt with this integrator was 17 kA/V. 

Average thrust of PPT measured by pendulum thrustmeter of direct working. 
The measurements of working body mass loss during PPT working were carry out by 

means of weighing of Teflon bars at the analytical balance with precision 0,1 mg. 

PPT characteristics investigation 

During the experimental work PPT's thrust characteristics (average thrust under fre- 
quency operation and mass of Teflon, ablated per one pulse) were investigated and also form 
and amplitudes of discharge current were recorded. 

PPT discharge current 

First of all it's necessary to examine the influence of ES capacitance on the discharge 
current and on total inductance of electric circuit of PPT with side feeding of working body. 
Fig.2 shows the discharge currents in PPT with various ES capacitance: 1 - current of 
thruster with ES capacitance of 26 uF; 2 - current in thruster when 64 uF ES is using; 3 - 
current for 103 uF ES. In the same figure the current form in thruster with ES capacitance of 
200 uF is also presented for comparison (dotted line). The ratio of amplitudes of discharge 

current at first and second half-periods / = /, /I2 can be used as convenient characteristic of 

discharge damping. The values of this parameter for thrusters with various ES capacitance are 
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presented in Table. In this table total average inductance L£ of PPT, calculated from first half- 
period of discharge current, is also shown. 

Table 

ES 
capacitance 

Initial induc- 
tance 

L0(nH) 

Total inductance 
of firing PPT 

U (nH) 

Plasma current 
inductance 

V=LE-L0 (nH) 

Inductance 
ratio 

Ratio I 

26 uF 20 35 15 0,75 1,8-2,0 

64 uF 20 40 20 1,0 2,4 

103 uF 20 45 25 1,25 2,5 

200 uF 50 85 35 0,7 2,75 

Using the value of Lp it is possible to calculate (approximately) the distance X discharge 
current "center of masses" is moving along the electrodes during the first half-period of cur- 
rent oscillation. Taking into account that the special inductance L' of electrodes in all investi- 
gated PPTs was about 6,5 nH/cm, the values of X for all thrusters can be calculated (in order 
of capacitance increasing): 2,3 cm / 3,0 cm / 3,8 cm / 5,4 cm. Last value, which is corre- 
sponding to the PPT with ES capacitance of 200 uF, indirectly confirm the supposition that 
the reason of carbonization of working body bars surfaces in this PPT model is connected to 
discharge current great going out the discharge channel. As the result of this phenomenon the 
density of radiation from plasma on bars surfaces isn't sufficient not only for the Teflon abla- 
tion but also for removal the thin carbon film, which is precipitating at bars surfaces after each 
PPT firing. 

From joint analysis of data in Table and PPT thrust characteristics, which will be de- 
scribed later, it's clear that great parameter / is necessary, but not sufficient condition for 
getting the best impulse bit and efficiency values. It is also necessary that the ratio Lr of 
plasma current inductance Lp and initial inductance L0 will be also great. 

PPT thrust characteristics 

Average thrust of PPT was defined using pendulum thrustmeter of direct working. 
When PPT is working under frequency (in our case f=2 Hz) the platform of thrustmeter has 
been displacing because of the force of thrust. The value of the displacement was fixed by the 
changing of the gap between inductive sensor and ferromagnetic plate, which was firmly 
mounted on platform. The signal from sensor was registered on millivoltmeter. This dis- 
placement is proportional to the average thrust of PPT. 

Absolute value of PPT's thrust was determined after thrustmeter calibration by means 
of static force of known value. The impulse bit was calculated from the average PPT thrust 
under frequency working divided by pulse frequency. 

In order to determine the mass of plasma blob in one PPT pulse the weighing of Teflon 
bars at the analytical balance before and after the series of several thousand pulses was carried 
out. The precision of the weighing was 0,1 mg and as the total mass loss per one series was 
about 200 mg the precision of bars mass loss measurement per one pulse is less than 0,05%. 
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Now let's examine the thrust characteristics of described PPTs. The dependencies of 
thrust characteristics vs. PPT energy and discharge channel width (distance between the bars) 
were determined during the experiments. In Fig.3 the dependencies of PPT characteristics vs. 
ES energy is presented. The capacitance of ES in that case was 103 uF and the channel width 
was 20 mm. One can see that when stored energy is 100 J the impulse bit is equal 2,7 mN-s 
while the thrust efficiency has the value 16,2%. 

The influence of discharge channel width on the characteristics of the same PPT model 
with energy 80 J is shown in Fig.4. The dynamics of parameters changing depending upon 
channel width remains the same at all investigated energy values, but, naturally, on other ab- 
solute level. 

As can bee seen in Fig.4 PPT with side feeding of working body is able to change the 
plasma blob parameters at the expense of channel width changing: it's possible to increase 
impulse bit at the expense of insignificant loss of efficiency and v. v. Thus when the width of 
the channel is changing the ratio of gas-dynamic and electromagnetic forces is changing too. 
And this ratio has influence on the values of impulse bit and efficiency. 

In Fig. 5 the characteristics of three PPT models with ES capacitance 26 uF, 64 uF and 
103 uF are shown. For all of the models the initial conditions are the same: stored energy is 
80 J and discharge channel width is 20 mm. The data for PPT with ES capacitance 200 uF are 
also shown in this figure although PPT's initial inductance was unsatisfactorily high, so it's 
not possible to make correct comparison of its characteristics and the one of described mod- 
els. Because of high initial inductance and deep fore-chamber thrust characteristics of this 
model were relatively low. 

In spite of this from Fig. 5 distinct tendency to improvement of all of the parameters is 
visible when ES capacitance is increasing: impulse bit, average plasma velocity and efficiency 
are increasing and the mass of plasma blob is decreasing. 

But if ES capacitance is increasing then the discharge current going out the channel is 
increased too and in order to eliminate the carbonization of Teflon bars surfaces deep fore- 
chamber is needed. So at present time it's not clear at which ES capacitance PPT characteris- 
tics will become to get worse at the expense of forechamber depth increasing, as it was in the 
case of200uF PPT. 

Discharge current distribution along the electrodes investigation 

In order to determine the dynamics of current layer in the case of ES high capacitance 
the investigation of current distribution along PPT electrodes by means of Rogovski belts 
mounted into the cathode was made. These studies were conducted for PPT model with ES 
capacitance of 103 uF. 

For the Rogovski belts installation eight 3 mm holes were drilled across the PPT cath- 
ode. Holes disposition scheme and final view of Rogovski belt installation into the cathode 
are presented in Fig.6. From Fig.6 one can see that such mounted belt is registering the cur- 
rent, which is collected by the cathode section between two splits. Axial dimension of each 
section is 6 mm. The split between the sections has width 1 mm. Specially for these measure- 
ments several Rogovski belts having the diameter 2,5 mm (small diameter of torus) were 
manufactured. Because of the decreased diameter the sensitiveness of belts was 85 kA/V. 

Simultaneously few belts (from one to three) were installed into the cathode. The cur- 
rent registration was carried out during a lot of PPT firings and after that all data were sub- 
jected to statistical processing. Typical oscillogram of current signal from one of the cathode 
section is depicted in Fig. 7. 
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It is important to pay attention to short pulse at the beginning of oscillogram. This pe- 
culiarity is presented at oscillograms from all of the cathode sections (except first section 
where it is merged by main part of signal), moreover the time of short pulse maximum is 
longer for sections which lay farther from back insulator. It is possible to estimate the velocity 
of current part, which cause this peculiarity at oscillograms, by the distance between cathode 
sections and the displacement in time of short pulse maximum. This velocity is equal ap- 
proximately to 40 km/s. By analogy to plasma fore-blob, which always is presented in ablative 
PPT3, this part of plasma current can be called fore-current. Axial dimension of fore-current is 
about 10-15 mm. 

The front of current main part, which is depicted in Fig. 7 in the form of big "hump", has 
the velocity of approximately 25 km/s, but the velocity of "center of mass" of this current is 
about 10-13 km/s. It is interesting to note that average velocity of plasma blob for this regime 
of PPT firing is 11 km/s. The dimension of main current layer along the axis of plasma ejec- 
tion is 30-40 mm (electrodes length is 70 mm). 

The dynamics in time of current layer moving along PPT electrodes is depicted in Fig. 8, 
where the histograms of current distribution at various moments of time are presented. One 
can see that fore-current arrives at the electrodes cut at the 2-nd microsecond of discharge 
duration and gives rise to current concentration there. At the 4-th microsecond (the duration 
of discharge current half-period is 7,2 jxs) this current concentration captured the essential 
part of total discharge current. When total current in PPT aspires to zero the circular current 
forms in plasma. This circular current flows partially through the electrodes and partially 
through the plasma as is shown by dotted line in Fig. 6: at the moment of time 7,2 (is when 
total current in PPT is equal to zero (see discharge current oscillogram in Fig.2) the current 
concentration at the electrodes cut is still presented, but the current of reverse direction al- 
ready starts along back insulator. At the second half-period the dynamics of current is practi- 
cally the same but without the fore-current presence. 

Capacity for work of PPT discharge channel 

As the completion of studies the testing of capacity for work of PPT was conducted at 
different working regimes (stored energy, ES capacitance and width of discharge channel 
were varied). It was made in order to determine the limits of PPT internal parameters in 
which the carbonization of Teflon bars surfaces is absent. These studies showed that for large 
capacitance ES the critical regime (the beginning of carbonization) starts at higher energy 
level than for ES with lower capacitance. Apparently it is connected with large current going 
out the discharge channel when the duration of discharge increases. 

Concluding remarks 

1. The investigations which were conducted confirms the correctitude of supposition that 
PPT thrust characteristics raises if ES capacitance increases. 

2. The rise of characteristics in that case is connected apparently with increasing of discharge 
duration and decrement of current oscillations. All that in its turn have the result on better 
concordance of discharge current duration and dynamics of mass going out the Teflon 
bars. 

3. The increasing of PPT ES capacitance has also negative tendency, which is connected with 
increasing of current going out the discharge channel, and thus with spatial separation of 
mass generation zone (Teflon bars) and acceleration zone (current layer). Besides that 
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large going out of current leads to aggravation of PPT capacity for work as concerns car- 
bonization of Teflon bars surfaces. 

4. The conclusion can be made from two previous items that for each energy level of PPT the 
optimal ES capacitance must exist. 

5. The existence of so-called fore-current is founded experimentally in investigated PPT 
models. In our opinion the presence of fore-current is most probably negative phenome- 
non, because this part of current layer provoke strong current concentration far from the 
mass source (Teflon bars). 

Acknowledgments 

The authors would like gratefully to acknowledge the useful collaboration of Gregory Dyak- 
onov and technical support of Valentine Shustov in PPT manufacturing. 

References 

1. J.Mueller. Thruster Options for Microspacecraft: A Review and Evaluation of Existing 
Hardware and Emerging Technologies. 33-rd AIAA / ASME / SAE / ASEE Joint Propulsion 
Conference. July 1997. 
2. G.G.Spanjers, K.A.McFall, F.S.Gulczinski, R.A.Spores. Investigation of Propellant Ineffi- 
ciencies in a Pulsed Plasma Thruster. 32-nd AIAA / ASME / SAE / ASEE Joint Propulsion 
Conference. July 1996. 
3. Electric propulsion thrusters of spacecrafts. S.D.Grishin, L.V.Leskov. - M.: Mashinostro- 
enie, 1989.-216 p. 
4. Working out and manufacturing of PPT having efficiency 0,1 and stored energy 80 J. PPT 
parameters optimization. Science report. RIAME MAI. Vol.Ns 1. Nov. 1996. 

Krivonosov I.G. 



Fig.l. Schematic of ES and discharge chamber 

1 - structure; 2 - anode; 3 - cathode; 4 - back insulator; 5 - spark plug; 
6 - teflon bars; 7 - DIU; 8 - Rogovski belt 

I,   KA 

60 

40 

20 

20 

40 

^1 
.2 

^-3 

if/       X.4 

Y ^\ 
s A    \ 

t     \     \ 

" 's 's 
s. 

s. 

If I     /  \ 
111    /    \ 
HI   /      \ 
HI /        1 
III /          \ 
1 / 

\   \ 

N. 
s. \. 

s. \ 
s. 

t,     \IS 

3 6      \           \ 9// 1: /       ß. 18 
**• 

21 24 ^-"27 

Fig.2. Discharge currents oscillogramms vs. ES capacitance 
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Fig.6. Rogovski belts disposition into the cathode 

Fig.7. Cathode section current typical oscillogramm 

Fig.8. Current distribution along the cathode at various moments of time. 
From left to right and from top to bottom: 0,2 - 0,8 - 1,4 - 2,0 - 2,6 - 3,2 - 3,8 - 4,4 - 5,0 - 5,6 - 6,4 - 7,0 »is 



JlaÖopaTopHoe nccjie#QBaHHe HMnyjibCHoro raiasMeHHoro /JUBHraTeji« 
c ra30BHM KjiananoM 

H.H. AHTponoB, TA. ^WIKOHOB, O.H. JlanaeB, T.A. IIonoB 
HHH npHKJiaflHOH MexainiKH H 3JieKTpo/j,HHaMHKH MAH 

BsefleHHe 

H3BecTHbie   npeHMymecTBa   HMrryjibCHwx   iura3MeHHi>ix  ßBHraTejieH 
(HUR) - nOCTOÜHHafl rOTOBHOCTb K paÖOTe H B03MO}KHOCTb np6IJH3HOHHOrO 
peryjiHpoBaHHH Tarn H HMnyjibca. üosTOMy öojibniHHCTBO ocymecTBJieHHbix 
B HacTOÄmee BpeMa WYLJ\ npeaHa3HaneHbi /Jura Hcnojib30BaHHH B cncreMax 
opHeHTaijHH H cTa6nnH3axmH KocMHnecKHx jieTaTejibHbix annapaTOB (KJIA). 
Bce OHH OTHOCHTCÄ K HBHraTejIHM 3p03HOHHOrO THna c a^eicrpoMarHHTHbiM 
HJIH   SJieKTpOTepMHHeCKHM   MexaHH3MaMH   yCKOpeHHH   IIJia3MbI.    Him   Ha 
acHflKOM H ra3oo6pa3HOM pa6oneM Tejie He BWILUIH H3 cTa^HH 
jia6opaTopHbix npoTOTHnoB. 

BMecTe c TeM. B HeKOTOpbix cjiyqaax npe/jiioHTHTejibHee 
Hcnojib30BaHHe B KaHecrae paÖoiero Tejia ra3a. OieBHjjHMH npHMep - WLIJX 

Majioii Tara ,zyra CHCTCMM opHeHTauHH KJIA, HMeiomero ocHOBHyio 
ÄBHraTejibHyio ycTaHOBKy (ffY) Ha ra30o6pa3HOM paÖoneM Tejie, HanpHMep 
co cTauHOHapHMM njiasMeHHbiM jJBHrarejieM (Cn,fl,). B STOM cjiyqae 
Hcnojib30BaHHe pjw yrjioBOH cxa6HJiH3aHHH HectcojibKHX 6JIOKOB (He MeHee 
12)    MajIblX    CT1R    HJIH    3p03HOHHbIX    Hllfl    Ka)KJj;bIH    CO    CBOHM    OJIOKOM 
BbicoKOBOjibTHbix HaiconHTejieH H 3anacoM TBepfloro pa6o*iero Tejia 
npeflCTaBJiMeTCH He jiyquiHM pemeHHeM. JlyqniHM no MaccoBbiM 
xapaKTepHCTHtcaM pemeHHeM 6buio 6w HcnojibsoBaHHe MUß, Majioft 
MomHocTH, paöoTaiomHX Ha TOM ace ra3oo6pa3HOM paöoneM Tejie, HTO H 

ocHOBHaa ÄBHraTejibHaa ycTaHOBKa, H 3anHTbiBaeMbix, no BO3MOXHOCTH, OT 

oflHoro 6jioKa HaKomiTejieH (BH) oöbe/jHHeHHoro c 6JIOKOM nHTaHH« H 

ynpaBjieHHH (BnY). 

1. 3jieiapoMarHHTHbie HMnyjibCHbie ra30Bbie KjianaHbi HHHIIM3 MAH 

QrcyTCTBHe peajibHbix KOHCTPYKHHH Hnfl Ha rase oÖMCHfleTca 
oTcyTCTBHeM #o HacTOHmero BpeMeHH OTpa6oTaHHbix HMiryjibCHbix ra30Bbix 
KJianaHOB, yaoBJieTBOpinoui,HX cjie/jyioiuHM TpeM TpeÖoBaHHHM: 

- fljiHTejibHocTb ra30Boro HMnyjibca flojDKHa cooTBeTCTBOBaTb 
ZUiHxejibHocTH HMnyjibca TOKa B Hüfl (He öojiee 100 MKC); 

- 3Hepro3aTpaTbi Ha ejjHHHijy Maccbi ra3a He äOJBKHW npeBbiniaTb 
108 flx/Kr; 

- pecypc KjianaHa He MeHee 106. a Jiymie 107 UHKJIOB. 

H3BecTHbie HMnyjibCHbie ra30Bbie KjianaHbi, B OCHOBHOM, ocHOBaHbi 
Ha HCnOJIb30BaHHH SJieKTpOMarHHTHOrO HJIH SJieKTpOflHHaMHHeCKOrO 
MexaHH3MOB. 
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B SJieKTpOMarHHTHMX MexaHH3MaX nOflBKDKHHM SJieMeHTOM ÜBjraeTCfl 
HKOpb  H3  4>eppoMaraHTHoro  Maxepnajia.   SjieKTpoMarHHTbi   OTjiEraaioTca 
BblCOKOH 3(p(peKTHBHOCTbIO H, COOTBeTCTBBHHO, OTHOCHTejIbHO 
He6ojibiUHMH pa3pHAHbiMH TOKaMH, nosTOMy Jiereo yflOBjieTBoparoT 
BTOpoMy H TpeTbeMy H3 neperacjieHHbix TpeÖOBaHHH, HanpHMep pecypc 
ajieKTpoMarHHTHbix (popcyHOK ^H3ejibHWX flBHraTejien B Hacxoamee BpeMH 
flocTHraeT 108-109 DHKJIOB. QzmaKO no 6bicTpofleHCTBHio cymecrrayiomHe 
sjieKTpoMarHHTHbie KJianaHbi coBepnieHHO He ynoBJieTBopjnoT Tpe6oBaHH5iM 
K ra30BbiM KjianaHaM MUß,: BpeMfl nojiHoro xojja jiyqniHx H3 HHX 

cocTaBJiaeT 5-10 MC. 3TO o6b«cH5ieTca orpamraeHHeM MarHHTHoro 
aaBJieHHH Ha flBHxymHfica HKOpb HacbimeroieM cpeppOMarHHTHbix 
MaTepnajioB. KpoMe Tora, H3 ycjioBiw 3aMbiKaHna MarHHTHoro noTOKa 
cjie/iyeT, HTO C pocTOM pa3MepOB aneicrpoMarHHTa Macca ero noflBiDKHbix 
HacTefi B03pacTaeT nponopuHOHajibHO Ky6y, a ycnjura - nponopnnoHajibHO 
KBaflpaTy jraHe&Hbix pa3MepoB, noaioMy ysejiHHeHHe MOIUHOCTH 

ajieKTpoMarHHTa He npHBO^HT K pocTy ero 6bicTpo/j;eHCTBHfl. ZJjiHTejibHocTb 
ra30Boro HMnyjibca, npeBbimaromaa 1000 MKC, HenpneMJieMa JXFI« Hrm, 
Tax KaK npHBOflHT K CJIHIIIKOM 6ojibiuHM norepHM Maccbi pa6o*iero Tejia. 

9jieKrpoflHHaMHqecKHe KJianaHbi, He Hcnojib3yK>unie 
(peppoMarHHTHbix MarepHajioB, HanpoTHB, jierKO no3BOjiHK>T nojiyqnrb 
TpeßyeMoe öbicTpofleöcTBHe (nsBecTHbi KJianaHbi c BpeMeHeM nojiHoro xona 
nopHÄKa 10 MKC), HO coBepmeHHo He yaoBJieTBOpiiioT Tpe6oBaHHHM no 
3Hepro3aTpaTaM Ha ejjHfflmy Maccbi ra3a H pecypcy. 3TO oÖbüCHfleTca TeM, 
MTO    HX    3<p(peKTHBHOCTb     H3-3a    pÄJja     npHHHHnHajIbHblX    OCOÖeHHOCTefi 
pacnpe#eneHH5i MarHHTHoro noroKa He npeBbimaeT  10  %.  B pearibHbix 
KOHCTpyKUH5IX  SJieKTpOflHHaMH^eCKHX  Ta30BbIX  KJianaHOB,   B  TOM  HHCJie   H 
pa3pa6oTaHHbix B HHH1IM3 MAH, He ynaeTCH nojiy^HTb 3Hepro3aTpaTH 
Ha e/mHHuy Maccbi ra3a MeHbiue 109 JI^K/KT. 3TO coBepnieHHO 
HenpneMJieMO WIä HlXfl, c pacxozjoM pa6o^ero Tejia nopJWKa 10" KT 3a 
HMnyjibc H 3HeprHefi pa3pfljj;a MeHee 100 ß?K. KpoMe Toro. HH3Kaa 
3(p(peKTHBHOcTb npHBOflHT K 6ojn>niHM pa3pjmHbiM TOKaM B nenn KJianaHa 
(nopJizpca HecKojibKHX KA) H, cooTBeTCTBeHHo, Tpe6yeT CJIO^CHOH H 

He^ocTaTOHHO HaneacHQH BbicoKOBOJibTHOH nenn nnraHH» KJianaHa. 
B HHHIIM3 MAH B npouecce pa6oTbi no nporpaMMe co3Jj;aHira 

KoaKCHajibHoro (KBa3H)cTanHOHapHoro iuia3MeHHoro ycKopHTejiH (CSPA) 
6w- Jin pa3pa6oTaHbi H xopoino ce6a 3apeKOMeHflOBajra B MHorojieTHen 
SKcnepHMeHTajibHOH pa6oTe sjieKTpoMarHHTHbie HMiiyjibCHbie ra30Bbie 
KJianaHbi JJHCKOBOIX) THna. OHH HMeior cxeMy pacnpeflejiemra MarHHTHoro 
noTOKa, cymecTBeHHO OTJiH^aroinyiocfl OT KJiaccHHecKoro arceKipoMarHHTa, 
IloflBHarabiH HKopb jJHCKOBoro sjieKTpoMarHHTa BbinojiHeH B mine TOHKOTO 

(0,1-0,5 MM) H Jiencoro (peppoMaraHTHoro flHCKa, *rro no3BOjiHJio nojiyqnrb 
BbicoKoe        6bicTpofleHCTBHe,        cpaBHHMoe        c        6bicTpofleiicTBHeM 
SJieKTpOAHHaMHHeCKHX        MexaHH3MOB. BMeCTe C        TeM, JJHCKOBbie 
sjieKTpoMarHHTHbie   KJianaHbi   HHHI1M3   MAH,   HMeiOT,   KaK   H   Bee 
SJieKTpdMarHHTbl,       flOCTaTOTOO        BblCOKyiO       3<p<peKTHBHOCTb,        nOSTOMy 
3Hepro3arpaTbi Ha ejjHHHuy Maccbi ra3a He npeBbiniaioT 10 JIJK/KT. 
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Ha pHc.l npHBefleHM pacxojj,Hbie xapaKTepHCTHKH KJianaHa npH 
nepena#e flaBjieHHH 1 6ap. Pacxojj; ra3a TOMHO peryjiHpyeTCH 3a3opoM h 
MejKjjy ce^jTOM KJianaHa H ancKOBbiM «KopeM. KawioMy 3a3opy H, 
cooTBeTCTBeHHo, pacxofly cooTBeTCTByeT CBOC HanpiOfceHne Ha 
KOHfleHcaTopHOM HaKonHTejie. 

Ha pHC.2 npHBeflena BpeMeHHaa xapaKTepHCTHKa KJianaHa. BpeMH t 
npe^cTaBjiJieT COöOH Bpeivw nojiHoro xom noßBiDKHOH jierajin KJianaHa, 
H3MepeHHoe KOHTaKTHbiM flaT^HKOM. H3-3a ynpyroH jj;e(popMamiH 
pe3HHOBoro yroioTHeHHH BpeMH rasoBoro HMnyjibca MeHbine t npHMepHO Ha 
50 MKc H cocTaßjiaeT 100-200 MKC. TaKoe BpeMfl ra30Boro HMnyjibca MOLKST 
6wTb corjiacoßaHo co BpeMeHeM pa3p*ma B Hnfl, HTO ao cnx nop «BJWJiocb 
HenpeoflojiHMOH npoöjieMon. 

2. HMnyjibcHbiH njia3MeHHbin /jBHrarejib Ha ra3oo6pa3HOM paöoneM Tejie 

OTHOCHTeJIbHO flJIHHHbffl pa3p«Ä npOflOJIiKHTejIbHOCTblO  100-200 MKC 
jierrc peajiH30BaTb B ajieKTpoTepMmecKOM iuiasMeHHOM ßBHraTejie c 
öojibinuM OMHHecKHM conpoTHBjieHHeM pa3paflHoro npOMOKynca. KpoMe 
Toro, B ^aHHOM KOHKpeTHOM cjiyqae aJieKTpOTepMHHecKaji cxeMa ycKopeHHii 
HMeeT eine piijj; cymecTBeHHbix npenMymecTB, o KOTOpbix 6yaeT CKa3aHO 
HEDKe. 

BHeniHHH BHä jiaöopaTopHon Mo^ejin ajieKTpoTepMEraecKoro 
ra30Boro WTIß, npeflCTaBJieH Ha pHC.3. Ta30BbiH UUJX TpeöyeT /jjiHTejibHOH 
3KcnepHMeHTajibHOH OTpaöoTKH, B nponecce KOTopoö no^ÖHpaioTCH 
cooTBeTCTByioinHe npoxo^Hbie ceneHHH, onpejj;eji5iiomHe ra30AHHaMHKy 
KaHajia, nosTOMy B aron Mo^ejin craBHjiacb 3aflana peajiH30BaTb 
npeHMymecTBa HMnyjibCHoro ra.30Boro KJianaHa B npocTenuieH cxeMe. 

B ÄHajieKTpnqecKOM Kopnyce ÄBnraTejra ycTaHOBJieHbi: rasoBbra 
KJianaH, KepaMHHecKHH pa3pjmHbift KaHaji c ajieKTpo^aMH n BbixoßHoe 
coiuio. flBHraTejib HMeeT pesHHOBbie yiuicmieHHa, no3BOjijnom;He eMy 
paöoTaTb KaK B BaKyyMe, TaK H Ha (pjiaHne BaKyyMHOH KaMepbi. ßjiHHa 
pa3paflHoro KaHajia 30 MM, ÄHaMeTp 5 MM. ß^auerp comia Ha Bbixo^e 10 
MM. 

EjZUiHCTBeHHbiM ynpaBjiMeMbiM aneMeHTOM B flBHraTejie HBJiMeTcK 
ra30Bbiö KJianaH. Ha aiieKTpoflbi jiBHraTejui no^aeTCü HanpaxeHne OT 

KOHfleHcaTopHOH 6aTapen, npoöofi pa3paflHoro npoMeiKynca 
ocymecTBjnieTCH B cooTBeTCTBHH c KpHBbiMH naineHa. npH 3TOM npoöon 
flojDKeH npoHCXOjjHTb o6fl3aTejibHO B MOMeHT ÄOCTEDKeHHH nepe/jHHM 
(ppoHTOM ra30Boro HMnyjibca Bbixo/ia H3 KaHajia. Tor/j(a ^ajibHefimee 
pa3BHTHe pa3pjyj;a Öy^eT conpOBoagwbCii nocTynjieHHeM B pa3pimHbin 
npoMexcyroK ra3a H3-no# KJianaHa, H BpeMeHa ra30Boro H TOKOBOTO 
HMnyjibca Öyayr corjiacoBaHbi. Ilpo6oH Ha nepe^HeM (pponre ra30Boro 
HMnyjibca o6ecneqnBaeTca ajieKTpo/joM nqzprara, Ha KOTopbin nojj;aeTCH 
yBejimceHHoe HanpjDKeHne OT aonojiHHTejibHoro KOH/jeHcaTopa Majion 
eMKOCTH. npH npaBHjibHOM no^Öope npoxo/jHbix ce,[ieHHH KaHajia H conjia 
yaaeTCH   ycToifaHBO   nojiyqarb   npo6on   pa3p5ijj(Horo   npoMeacyTKa   nocjie 
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nojiHoro 3anojiHeHHfl KaHajia H npn HanpflaceraiH ~ 400 B, He3HaHHTejibHo 
npeBocxoAameM Heo6xoflHMoe B cooTBeTCTBHH c KPHBOH riaiueHa. 

TaroBaa 3<p(peKTHBHocTb flBHraTejia npn ajieKTpoTepMHHecKOM 
ycKopeHHH onpeflejiaeTCii, B OCHOBHOM, norepJiMH snepran Ha 
TeruionpoBOflHOCTb, H3jiyqeHHe H C SHTajiMraeu BWTeKaiomeH njia3Mbi H, B 

oTjraqne OT ajieKipoMarHHTHoro ycKopeHHH, npaKTEraecKH He 3aBHCHT OT 

HHayKTHBHOCTH pa3pjmHoro KOHTypa. AKTHBHOe COnpOTHBJieHHe 
pa3p«ÄHoro npoMeacynca R ~ 0,1 - 1,0 OM cymecTBeHHO öojibiiie 
cyMMapHoro conpoTHBjieHiaa ocrajibHbix yqacTKOB nenn R0. IloaTOMy npn 
COXpaHCHHH yCJIOBHM R >  Ro B «BHraTejIbHOH yCTaHOBKe C HH3KOBOJIbTHbIM 
ajieKTpoTepMHMecKHM JAHR Hejiecoo6pa3Ho npocTpaHCTBeHHO pa3flejiHTb 
6JIOK flBHraTejia a 6JIOK HaKonnrejieH. riocjieflHHH MOXHO ycTaHOBHTb B 

repMooTceKe KJIA H coeflHHHTb c 6jioKaMH flBHraxejiea KoaKCHajibHbiMH 
Ka6ejMMH. OflHH BH, o6beflHHeHHbiH c BUY n CIIOCOöHWH oöecne^HTb 
oflHOBpeMeHHyio paöoTy «Byx #BHraTejieH, MoaceT o6cjryacHBaTb Bee 
ABHraTejiH   CHCTeMbi   opneHTanHH,   MTO  flacT   cymecTBeHHyio   SKOHOMHIO 

MaCCbl HO CpaBHeHHK) C H3BeCTHbIMH VLUJl. 
3KcnepHMeHTajibHaii oTpa6oTKa flBHraTejra ocymecTBjuuiacb npn 

paÖOTe Ha Booppofle H a30Te. B npouecce SKcnepuMeHTa H3Mep*uracb 
pacxofl ra3a 3a HMnyjibc n pa3pfl,HHbie TOKH B nenn KJianaHa, nenn noßaoira 
H nenn ocHOBHoro pa3pH^a. XapaierepHbie ocmuuiorpaMMbi TOKa B nenn 
ocHOBHoro pa3pafla npn paßoTe Ha BOflopoße H a30Te npHBeaeHbi Ha pnc.4. 
Pa3paA anepHOAHHecKHH c cymecTBeHHWM npeBbiineHHeM OMHnecKoro 
conpoTHBjieHHH pa3paflHoro npoMeacyTKa Haa BOJIHOBWM conpoTHBJieHHeM 
KOHTypa- 

XapaKTepHCTHKH flBHraTejifl npH TernioBOM ycKopeHHH iuia3Mbi B 

coiuie JIaBajiH npaieraraecKH nojiHocTbK) onpeflejiaioTca TeMneparypon H 

AaBJieHHeM Ha Bxofle B conjio. TeMneparypy njia3Mbi B pa3psmHOM KaHajie 
MOJKHO  ÄOCTaTOMHO  TOHHO  onpeflejiHTb  no  ocHHjijiorpaMMe  pa3pHAHoro 
TOKa. 

Ha pHc.5 noKa3aHa 3aBHCHMocTb pacneTHoro TaroBoro HMnyjibca P 
ra30Boro WTIR npn paßoxe Ha BOflopo^e OT sHepran pa3p5ma W. PacneTbi 
npoBOflHJincb no sKcnepnMeHTanbHO nojiyneHHbiM ocHHJUiorpaMMaM aw 
pacxoflOB 0,04; 0,07 H 0,30 CM

3
 BOflopona 3a HMnyjibc. OcHOBHbie 

norpeniHocTH Taicoro pac^eTa, noKa3aHHbie Ha KpHBbix, onpe#eji5noTCfl 
norpeiUHocTbio onpeflejieHira TeMneparypbi B KaHajie no conpoTHBJieHHio 
paspaflHoro npoMejKyTKa. 

Ha pnc.6 npHBe,aeHbi cooTBeTCTByiomHe 3aBHCHMocTH THTOBOH 

3(p(peKTHBH0CTH ßBurarejM T)t OT W. npn paöoxe Ha a30Te HMirynbc 
yBejiHHHBaeTCH npHMepHO Ha nopamoK, a raroBaü 3(pcpeKTHBHOCTb ocTaeTca 
no^rra TOO xe. C pocTOM sHepran, BjioaceHHon B pa3p5m, HMnyjibc 
yBejiHraHBaeTca He3HaHHTejibHO, a scpcpeKTHBHocTb na^aeT. 3TO o&bHCHaeTCJi 
3HaMHTeJIbHbIM   pOCTOM   nOTepb   Ha   HOHH3anHK>   Eüia3MbI   npn   yBejIHHeHHH 
TeMnepaTypbi B KaHajie. ELosTOMy npn xapaKTepHbix jm* «aHHoro flBHraTejw 
pacxoaax ra3a SHeprna pa3pa^a «ojiacHa Haxo^HTbCH B npe^ejiax 10-20 /1,3c. 
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3aKJiK>HeHHe 

Pe3yjibTaTM       SKcnepHMeHTa       nopjBeipKwm       npHHUHnnajibHyio 
B03MO)KHOCTb   pa3pa6oTKH   ABHraTCJIbHOH   yCTaHOBKH   MajIOH   MOmHOCTH   c 
Hcnojib30BaHHeM ajieKxpoTepMiPiecKHX HMnyjibCHbix iuia3MeHHbix 
^BHraTejieft, paöoTaiomMX Ha ra3e. HcnojibsoBaHHe TaKofi Jiy 
uejiecoo6pa3Ho B CHcxeMe opueHTauHH H yrjioBOH cTa6njiH3aHHH KJIA, 
HMeiomero ocHOBHyio ÄBHraTejibHyio ycTaHOBKy Ha ra30o6pa3HOM paöo^reM 
Tejie. BO3MO)KHO TaiOKe Hcnojib30BaHHe XH^KHX paöorax Teji c 
HcnapHTejieM. Co3#aHa H HcnwTaHa paöoTocnocoÖHaa Mo^ejib ra30Boro 
Pfflfl, npHro^Haa AJIH flajibHeiiiiieH OTpa6oTKH c uejibio nojiyneHiw 
TpeöyeMbix xapaKxepHCTHK. 

i 
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Laboratory Investigation of Pulsed Plasma Thruster with Gas Valve 

N. Antropov, G. Diakonov, O. Lapayev, G. Popov 

Research Institute of Applied Mechanics and 
Electrodynamics of Moscow Aviation Institute 

4, Volokolamskoye shosse, 125810, Moscow, 
Russia 

Fax: (095) 158-03-67, E-mail: iiame@mai.ru 

Introduction 

Advantages of pulsed plasma thrusters (PPT) - constant readiness for 
operation and capability for precise thrust and impulse control - are well 
known. That is why the most part of modern PPT is designed for the 
spacecraft attitude control and station-keeping systems. All these thrusters are 
devices of erosion type with electromagnetic or electrothermal mechanism of 
plasma acceleration. PPT operation with liquid or gaseous propellants are at I 
the stage of laboratory prototype development. ■ 

But in some cases, it is more advisable to use gas as propellant. One of _ 
the obvious examples is c\ PPT for an attitude control system of a spacecraft I 
the main propulsion set of which is fed by gaseous propellant (comprising 
stationary plasma thruster (SPT), for example). In this case, the best solution 
for angular stabilization is to use several units (no less than 12) of SPT or 
erosion PPT, each of them comprising its own high voltage accumulator and 
solid propellant storage blocks. Application of small power PPT, using the ■ 
same gaseous propellant as the main propulsion set and powered by the same | 
accumulator unit combined with power processing unit (PPU) would be the 
best solution from the mass characteristics point of view. 

1. Electromagnetic pulsed gas valves developed by RIAME MAI 

i 

I 

i 
i 

I 

Absence of operating gas-fed PPT designs is explained by the absence 
of well developed gas valves, meeting the following three requirements: 

• gas impulse duration should correspond to the duration of current I 
impulse in PPT (up to 100 fj.s);                                                                                      I 

• power consumption per a gas mass unit should not exceed 108 J/kg; 
• valve resource should not be less than 106 or even 107 cycles. 
The known pulsed gas valves are mainly based on electromagnetic or 

electrodynamic mechanisms. 
Anchor of ferromagnetic material is a moving element in the case of I 

electromagnetic mechanism. Electromagnets differ by high efficiency and, 
correspondingly, by relatively small discharge currents, so they meet the 
second and the third of the above presented requirements very easily. For 
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example, the resource of electromagnetic injectors of diesel motors reaches 
108-109 cycles. But as to fast-action, the available electromagnetic valves do 
not meet the requirements to the PPT gas valves: action period of the best of 
them is 5-10 ms. This is explained by the limitation of magnetic pressure to 
the moving anchor by saturation of ferromagnetic materials. Besides, it 
follows from the magnetic flow closing that the mass of electromagnet 
moving parts grows in proportion to the third power and force - to the 
second power of its linear dimensions, that is why the electromagnet power 
increase does not cause growth in its fast-action. Gas impulse duration of 
more than 1000 |is is unacceptable for PPT, because it causes too high 
propellant mass loss. 

In the contrary, electrodynamic valves, in which ferromagnetic 
materials are not used, allow to obtain the required fast-action very easily 
(valves having total action period of about 10 us are known), but they do not 
absolutely meet the requirement to power consumption per a gas mass unit 
and resource. This is explained by the fact that their efficiency does not 
exceed 10% because of a number of principal distinctions of the magnetic 
flow distribution. In the case of 'real electrodynamic gas valves, developed in 
RIAME MAI including, the designers do not manage to make power 
consumption per a gas mass unit be less than 109 J/kg. This is absolutely 
unacceptable for PPT with the propellant consumption of about 10"7 kg per 
pulse and discharge energy of less than 100 J. Besides, low efficiency leads to 
high discharge currents in the valve circuit (of about some kA) and, 
correspondingly, requires the complicated and insufficiently reliable high- 
voltage power supply circuit for the valve. 

Electromagnetic pulsed gas valves of disk type were developed in 
RIAME MAI during the work under the program of coaxial (quasi)stationary 
plasma accelerator (CSPA) development. Valves of this type were successfully 
used during many years of experimental work. The magnetic flow distribution 
used in them differs substantially from the classical electromagnet. Movable 
anchor of the disk electromagnet is made in the form of a thin (0.1-0.5 mm) 
and light ferromagnetic disk. This allowed to have high fast-action 
comparable with the fast-action of electrodynamic mechanisms. In addition, 
disk electromagnetic valves developed by RIAME MAI have, as all 
electromagnets, high enough efficiency, thus power consumption per a gas 
mass unit does not exceed 108 J/kg. 

Fig.l shows the flow rate characteristics for the valve at pressure 
difference of 1 bar. Gas flow rate is precisely controlled by the gap h between 
the valve seat and the disk anchor. Definite voltage on the capacitive 
accumulator corresponds to each gap and flow rate, correspondingly. 

Fig.2 shows the time characteristic of the valve. Time period t is the 
period of complete action of the valve moving part measured by a contact 
sensor. Due to an elastic deformation of the rubber seal the duration of gas 
impulse is less than t by 50 us approximately and is from 100 to 200 us. Such 
gas impulse duration may be matched with the discharge duration in PPT, 
that being an insuperable problem until now. 

N. Antropov 



2. Gas propellant pulsed plasma thruster 

It is more easy to obtain a relatively long discharge of 100-200 jus in 
duration in electrothermal plasma thruster with high ohmic resistance of the 
discharge gap. Besides, in this specific case the electrothermal acceleration 
mechanism has a number of substantial advantages, which will be described 
below. 

The external appearance of electrothermal gas PPT laboratory model is 
presented in Fig. 3. Gas PPT requires a long experimental development, 
during which the corresponding passage cross-sections, defining the channel 
gasdynamics, are selected. That is why in the case of this model there was a 
task to realize the advantages of pulsed gas valve in the simplest design. 

The following devices are mounted inside the dielectric casing of the 
thruster: gas valve, ceramic discharge channel with electrodes and output 
nozzle. The thruster has rubber seals allowing it to operate both under 
vacuum conditions and being connected to a flange of vacuum chamber. 
Discharge channel length is 30 mm, diameter - 5 mm. Outlet diameter of the 
nozzle is 10 mm. 

Gas valve is the only controlled element in the thruster. Voltage from 
capacitive battery is applied to the thruster electrodes and the discharge gap 
break-through corresponds to Paschen curves. In this case the break-through 
should take place only at the moment when the gas impulse front reaches the 
outlet of the channel. Then at further discharge development, gas from under 
the valve will flow into the discharge gap and duration of the gas and current 
pulses will be matched. Break-through at the gas impulse front is provided by 
the igniting electrode, to which the increased voltage from additional 
capacitor of small capacitance is applied. In the case of correct selection of 
passage cross-sections for the channel and nozzle it is possible to have a 
break-through of discharge gap after complete filling of the channel and at 
the voltage of about 400 V, which is a little bit more than the voltage 
required according to Paschen curve. 

In the case of electrothermal acceleration the thrust efficiency of the 
thruster is mainly defined by the energy loss caused by the heat conductivity, 
radiation and enthalpy of the outflowing plasma, and in contrast to 
electromagnetic acceleration it does not practically depend on the discharge 
circuit inductance, Active resistance of the discharge gap, R ~ 0.1 - 1.0 Ohm, 
is substantially higher than the total resistance of other parts of the circuit RQ. 

That is why in the propulsion set comprising a low-voltage electrothermal 
PPT it is advisable to divide the propulsion unit the accumulator unit 
spatially at keeping the condition R > RQ. Accumulator unit may be mounted 
inside the spacecraft pressurized section and connected with the propulsion 
units by coaxial cables. One accumulator unit, combined with payload unit 
and capable to provide simultaneous operation of two thrusters, may be used 
for supplying power to all thrusters of attitude control system, which will 
result in substantial mass savings comparing to the known PPT. 

Experimental development of the thruster was made using hydrogen 
and nitrogen. Gas flow rate per pulse and discharge currents in the valve 
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circuit, ignition circuit and the main discharge circuit were measured during 
the test! Characteristic oscillograms for the current in the main discharge 
circuit for the cases of using hydrogen and nitrogen are shown in Fig. 4. The 
discharge is aperiodic and is characterized by substantial excess of the 
discharge gap ohmic resistance over the wave resistance of the circuit. 

Thruster characteristics in the case of thermal plasma acceleration in 
Laval nozzle are practically completely defined by the temperature and 
pressure at the nozzle input. Plasma temperature in the discharge channel 
may be exactly enough defined using the discharge current oscillogram. 

Fig. 5 shows the gas PPT calculated thrust impulse, P, as a function of 
discharge energy, W, in the case of using hydrogen as propellant. 
Calculations were made using the oscillograms obtained experimentally for 
the flow rates of 0.04, 0.07 and 0.30 cm3 of hydrogen per pulse. Main errors 
of such calculation indicated on the curves are defined by the error in 
defining temperature inside the channel on the basis of the discharge gap 
resistance. 

Fig.6 shows the corresponding thrust efficiency, r\t, as a function of W. 
The impulse becomes an order of magnitude higher while using nitrogen as 
propellant at thrust efficiency being nearly the same. Impulse grows 
insubstantially and efficiency decreases with the growth of energy supplied to 
discharge. This is explained b\ substantial increase of loses for plasma 
ionization at the temperature growth in the channel. Thus, the discharge 
energy should be within 10-20 J at gas flow rates being characteristic for this 
thruster. 

Conclusion 

Test results confirmed the principal possibility to develop a low power 
propulsion set using the gas-fed electrothermal pulsed plasma thrusters. It is 
advisable to use such propulsion set as a part of attitude control and angular 
stabilization system of a spacecraft, equipped by a main propulsion set using 
gas as propellant. Besides, it is possible to use liquid propellants with 
evaporators. Efficient model of gas PPT is developed, which may be modified 
for obtaining the required characteristics. 

N. Antropov 



2.0 -r ^"tx. 

h,   mm 
.    i i i i i i >> 

0.25 0.30 

Fig. 1 

400- 

300- 

00 
o 

200- 

100- 

0.00 
; i i 11 i i i i   i i i i i 11 

0.Ö5 
mill n- TTTTTTr Tl'l   I   I   I   I   I II I I I I I 

°'10 ,  0-15 0,20 0.25 0.30 
h,   mm 

FIg.2 



Fig.3 

2000 

1500 

1000- 
~} 

500- 

2Ö0 

Fig.4 



0.25 

W,    J 

Fig. 5 

0.12 

0.08 

0.04 

0.00 

W,  J 

f 

Fig. 6 



BMDO-SBIR. OTpa6oTO^Hwe HcnbiTamia MHoro<pyHKmioHajibHoro 
KJianaHa 

ABTOP: fl.Taär fflannejib, coaBTOp: KoHCTaHTHH /Jxinny 
MapOTTE CaHeHTH(J)HK KoHTpOJI3, HHK. 

78 EyHTOH ABeHio, n/a 427 
MoHTBHJit, Hbio-^JKepcH 07045-0427, CIIIA 

TCJI. 973-334-7800 
CoaBxop: CTSH IPHCHHK 

NASA LeRC 
KjiHBJieHÄ, Orafio, CIIIA 

Maporra CaöeHTH(pHK Kompojis, HHK.(MSCI) npoflOjraaeT 
pa3pa6oTKy MHorocpyHKnnoHajibHoro KceHOHOBoro KJianaHa (MOK) no 
nporpaMMe MHHOBaujHOHHbix nccjieflOBaHHH zum Manoro ÖH3Heca (SBIR) 
opraHH3auHH MHHO6OF»OHM no SajuracTHqecKUM paKeTaM (BMDO) c uejibio 
coBepmeHCTBOBaHHfl CHCTCM no^ara KceHOHOBbix ÄBEDKeTejieft. 

MSCI npoBeji HCCJie#oBaHH», pa3pa6oTaji n H3roTOBHJi OAHO- 
KacKaflHbifi KJianaH aneKTpoHHOH CHCTCMM nnTanira, o6ecne*mBaiomHH: 
MHorocpyHKUHOHajibHyio roojiHnmo nojio)KHTejibHoro KceHOHa, Moay- 
jinpoBaHHoe ynpaBJienne noxoKOM Maccw n apoccejinpoBaHne nyreM 
MHoroKpamoro yMeHbiueHira noTOKa Maccw/cHiCKeHHH flaBJieHHfl, ncnojib- 
30Baraie nojiHocTbio jKHflKOMeTajiJiiMecKOH cMa^HBaeMon KOHCTpyKHMH n 
B03MoacHocTb ynpaBJiemifl flBnraTejieM XojiJia c o6paTHofi CBsrawo. 

IIpeacTaBjieHbi pe3yjibTaTbi H «aHHwe HcnbiTannö, co6paHHbie B xo/je 
3Tana 2 nporpaMMbi SBIR, y«OBJieTBOp*K>mHe npe;jb«BjraeMbiM Tpe6oBa- 
HnaM K xapaicrepHCTHKaM. MSCI npeACTaBHJi cjieflyromne flaHHbie n 
pe3yjibTaTbi: oneHb BbicoKan repMeTHHHOcTb cTbixa MeTajiji-MeTajiJi B Tene- 
Hne 3a#aHHoro cpoxa, zjeMOHCTpamra (pyHKHHOHHpoBaHHJi B 3aaaHHOM 
ÄHana30He flaBJiemra n TeMineparyp n HcnbrraraiH 3aMKnyroH neTJin 
oöpaTHOH CBH3H Ha ereH/jax HccjieaoBaTejibCKoro LJeHTpa Jlbronca HACA. 

fl. TaHT Illannejib 
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Marotta Scientific Controls, Inc., (MSCI) continues development of a 
Multi-Function Xenon Gas Valve (MFV) under the Ballistic Missile Defense 
Organization (BMDO) Small Business Innovative Research (SBIR) Program. 
The SBIR topic requested advancements in Xenon Propulsions Feed Systems. 

MSCI investigated, designed and produced a single stage, electronic 
feed system valve providing the multi-function of positive Xenon isolation, 
modulating mass flow control, and throttleability over high mass flow turn- 
down/ high pressure reduction, using all-metal fluid wetted construction, and 
with the capability of Hall thruster feedback control. 

The results and test data collected during Phase 2 of the SBIR program 
is presented. The presented data demonstrates the desired performance. 
MSCI provides the following data and results: extremely tight metal-to-metal 
leakage data over anticipated life, demonstration of operation over the pres- 
sure and temperature range, and thruster closed loop testing at NASA LeRC. 

i 
i 
i 

i 

i 
i 

D. T Schappell 



1-a MEyKJSynAPOjmAR KOHOEPEHUHH-BHCTABKA 

MAJIblE   CnyTHHKH 
HOBHE TEXHOJIOrHH, flOCTHDKEHHfl. nPOEJIEMbl H nEPCIIEKTHBbl 

MEXÄYHAPOAHOrO COTPyÄHHHECTBA B HOBOM TblOFIEJIETHH 

l-st ANNUAL INTERNATIONAL CONFERENCE & EXHIBITION 

SMALL SATELLITES 
NEW TECHNOLOGIES, ACHIEVEMENTS, PROBLEMS AND PROSPECTS 

FOR INTERNATIONAL COOPERATION IN THE NEW MILLENNIUM 

CEKHHH IX: 

BOPTOBAH 3JIEKTPOHHKA, IIPHEOPbl, 

HA3EMHAÜ HHOPACTPYKTyPA 

SESSION LX: 

ONBOARD ELECTRONICS AND INSTRUMENTS 

ONGROUND INFRASTRUCTURE 

PyKOBcymTejiH: 

K.A. IIoöeflOHocBteB, OKE M3H, PQCCHH 
A.O. KajiHHHH, HHH Til, Poccna 

Chairpersons: 

Konstantin A. Pobedonostsev, OKB MEI, Russia 
Aleksey F. Kalinin, Nil TP, Russia 



IX. 1     3jieKTpoMarHHTHaa      cncTeMa      ynpaBJiemia      KOCMiraecKHM 
aimapaTOM 
A. CaHoaH, H. CeMKHH, P. IIoMejibHHKOB, A. 3aHHH, R. 3OHHH, 

CaMapcKHH IAY, Poccna 
IX. 2     MarHHTHbie   CHCTCMM  opHeHTanrai  RJISL  Majibix  cnyrHHKOB  H 

nporpaMMHHe cpe^cTBa ßjia TecrapoBamia HX KanecTBa 
B. AneKcaHApoB, fl. ByrpoB, C. JleMaK, A. HCBHAOMCKHH, Mry 
HM. JIOMOHOCOBa, 
M. OBHHHHHKOB, C. Mnpep, HUM HM. M.B. KejmHnia, Poccna. 

IX. 3     MajioraöapHTHbie    HH<popMaiiHOHHbie    CHCTeMbi    Ha    ocHOBe 
TBepaOTejIbHblX BOJIOKOHHO-OIITHHeCKHX THpOCKOnOB 
A. IlecTyHOB, C. CuflopoB, LJHHHMAIII, Poccna 

IX.4     IlepcneKTHBbi        MHHHaTiopH3aHHH        rnponpHÖopoB        #jia 
KOCMineCKOH TeXHHKH 
B. A^HjibflHeB, B. flpo(pa, IIHHHMAHI, POCCH« 

IX. 5     flßyxnpoHeccopHbiH BbrancjinTejibHbiH Mo^yjib jsjm aneMeHTHOH 
6a3bi HOBoro noKOJieHHa nepcneKTHBHbix cpe^cTB PKT 
JI. IlaTpHKeeB, T. CyxoB, rKHim, HM. XpyHHaeBa, 
C. YBapoB, Hny PAH, Poccna 

IX.6     IlepcneKTHBbi   noBbinieHna   TOHHOCTH   aBTOMaTa   ynpaBjieraia 
nojioxceHHeM MKA B npocTpaHCTBe 
B. HBaHOB, UHHHMAUI, Poccna 

IX.7       BopTOBbie HH^OpMaHHOHHO-BblHHCJIHTejIbHbie HHCTpyMeH- 
TajibHbie    cpeflCTBa   MajioraöapHTHbix    cnyTHHKOB,    o6ecne^n- 
BaroiHHe     npoBe^eHHe     KOMiuieKCHbix     aBTOMaTH3HpoBaHHbix 
3KcnepHMeHTOB THna "TopHazjo" 
B. HOCHKOB, K). JleBHHKHH, IXHHHMAIII, Poccna 

IX. 8     Majiora6apHTHaa CHCTeMa Kompojia Bpamemia H opneHTannH 
OTHOCHTejIbHO BeKTOpa CKOpOCTH flJW MajIblX KA 
H. nyniKHH, HnO MT, Poccna 

IX. 9     BecKOHTaKTHaa CHCTeMa .zjjia KOHTPOJIH flBnraTejien opneHTainiH 
Majibix KA 
H. nyniKHH, HnO HT, Poccna 

IX. 10   Hcnojib30BaHHe   npHHHHna   (pyHKHHOHajibHon   B3aHMOCBa3aH- 
HOCTH       <pa30BbIX       KOOpflHHaT       o6beKTa       HCCJieflOBaHHH       H 
He3aBHCHMOCTH BbKOfla H3 CTpOÄ H3MepHTejIbHbIX SJieMeHTOB 
T. CyxoB. C. CyxoB, rKHim HM. M.B. XpyHtraeBa, Poccna 

IX. 11   HHfpopMaiüHOHHO-ynpaBjiaioniHH KOMnjiexc ana Majibix KA 
A. KajiHHHH, A. IIlHinaHOB, HHH Til, Poccna 

IX. 12   IlepcneKTHBHaa     ÖopTOBaa    aHepreTHKa    fljia     KOCMMCCKOH 

TeXHHKH 
B. AKHMOB, A racpapoB, A. TyOepTOB, B. KopmuioB, 
A. IIpHiHjieHOB, HIJ HM. M.B. Kejiflbinia, Poccna 

IX. 13   XapaKTepHCTHKH   MajioraöapHTHoro   paflHOJioKaTopa   6oKOBoro 
oÖ30pa 
K. IlHqxaÄ3e, HIIO HM. JIaBOHKHHa, Poccna 



IX. 14   CnyTHHKOBbiii CBH-pazjHOMeTp MTB3A AJIH flHCTamjHOHHoro 
30nn;HpoBaHHa 3eMJiH 
JI. BopflioroB, H. IbpoÖeu, B. HaKOHeHHbiii, B. üatmoB, 
H. HepHMH, T. HepHaBCKHH, UIIH PKA, POCCHH 

IX. 15   MaTeMaTinecKoe MOflejiHpoBamie aHTeHH Majibix cnyTHHKOB 
H. KO3JIOB, HHH nM3 MAH, POCCHH 

IX. 16   HHCTpyMeHTapHH     ,zyiH     HccjiejjüBaHHH     cpeflbi     OKpyaceHHH 
KOCMinecKHX annapaTOB 
B. rycejibHHKOB, O. BparHH, A. 3aAopoxHbiH, A. KoneeB, 
K). IlpoKonbeB, A. TIOTHH, HIV, POCCHH 

IX. 17   IlepcneKTHBLi    Hcnojib30BaHHH    pemreHOBCKOH    KanHJurapHOH 
OnTHKH B KOCMBraeCKOH OTpaCJIH 
A. BOJIKOB, A. HeBCKHH, M. IIjiaTOHOBa, HHHHMAIH, POCCHH 

IX. 18   JlerKHe   onTiraecKHe   CHCTCMM   Ha   ocHOBe   rojiorpacpHraecKHX 
(pHJIbTpOB .ZJJIH KOCMHHeCKHX HCCJieflOBaHHH CojiHHa 
C. AanmeB, H. KaHaeB, A. IIyraHeB,HA3 CO PAH, POCCHH 

IX. 19   CKaHHpyiomee     ycTpoöcTBo     BbicoKoro     npocTpaHCTBeHHoro 
pa3pememia "B30p" AJIH Majibix KOCMHHCCKHX annapaTOB 
M. HOBHKOB, K). TeKTHH, H. AKHMOB, PHHH KII, POCCHH 

IX. 20   OnTHHecKHe   CHCTCMH   JJJIH   Majiora6apHTHbix   MHorocpyHKHHo- 
HajIbHblX   KOCMHMeCKHX   OnTHKO-SJieKTpOHHblX   KaMep,    B3aHMO- 
yBÄ3Ka c KOCMmecKOH iuiaT<popMOH, ocHOBHbie napaMeTpbi 
E. MajiaMejj, M. CoKOjibCKHH, OAO JIOMO, POCCHH 

IX.21   KoMiDieKc       onTHKO-ajieicrpoHHbix       cpe^cTB       HaÖJiiofleHHfl 
Majiopa3MepHoro KOCMBraecKoro Mycopa 
B. EMejibHHOB, B. JlyKbinueHKo, K). MepKynieB, A. PeM6e3a, 
T. YcneHCKHH, HHHHMAIII, POCCHH 

IX. 22   BopTOBaa   CHCTeMa  o6pa6oTKH  H3o6paxeHHH  nepcneKTHBHoro 
cnyrHHKa ,0,33 
A. BOJIKOB, C. A(paHacbeB, HHHHMAIII, POCCHH 

IX.23   üpoöjieMbi   KOMroieKCHOH   o6pa6oTKH   KOCMEraecKHX   CHHMKOB 

pa3jiHHHoro pa3penieHH« 
C KycHMOB, A CyjnaHOB, B. EaiMEHOB, n. HyiMaHOB, YTAiy, POCCHH 

IX. 24   MeTOflbi o6pa6oTKH HHcpopMaHHH PCA B CHCTeMax ynpaBJieHHH 
npHpoflHHMH pecypcaMH 
H. EjiH3aBeTHH, n. IIlHpoKOB, HTLO MAIII, POCCHH 

IX.25   Pa3pa6oTKa   reHepaTopa   njia3Mbi   Ha   TJieroni;eM   pa3pH,n;e   fljw 
CHHTHH 3JieKTpOCTaTH^[eCKHX 3apHflOB c MKA 
B. HBaHOB, HHHHMAIII, POCCHH 

IX. 26     MHHHaTK>pH3aHHH  6opTOBbIX H Ha3eMHbIX aHTeHHblX  CHCTeM Ha 
OCHOBe       flOCTKDKeHHH       B       o6jiaCTH       TeXHOJIOrHH       C03^aHHH 
njiaHapHbix H ceraeTOKepaMHHecKHX aHTeHH 
B. YTKHH, B. JlyKbHmeHKo, T. PaHKyHOB, A. BOJIKOB, A. 
JlyKbnmeHKo, C. IIlHJiHeB, B. CajiTbiKOB, HHHHMAIII, POCCHH 

IX.27   IlepcneKTHBbi       co3jj;aHHH       Majibix      npneMHbix       cTaHHHH 
KOCMHHeCKOH HHCpopMaipra 
A BOJIKOB, C. A(paHacbeB, C. Kpyrax, HHHHMAIII, POCCHH 



IX. 1     An Electromagnetic System for Space Vehicle Control 
A. Sanoyan, N. Semkin, R. Pomelnikov, A. Zanin, D. Zonin, 
SSAU, Russia 

IX.2     Magnetic Orientation Systems for Small Satellites and Software 
for Their Quality Testing 
V. Alexandrov, D. Bugrov, S. Lemak, A. Nevidomsky, MSU, 
M. Ovchinnikov, S. Mirer, Keldysh IPM, Russia 

IX.3     Miniature Information Systems Based on Solid-State Fiber-Optic 
Gyroscopes 
A. Pestunov, S. Sidorov, TsNIIMASH, Russia 

IX.4     Future Miniaturization of Gyro Devices for Small Spacecraft 
V. Achildiev, V. Drofa, TsNIIMASH, Russia 

IX.5     A   Two-Processor-Computer   Module   for   a   New-Generation 
Element Base 
L. Patrikeev, G. Sukhov, Khrunichev GKNPTs, S. Uvarov, 
Keldysh IPM, Russia 

IX.6     Opportunities for Enhancing the Accuracy of the Small Space 
Vehicle Computer-Aided Attitude Control System 
V. Ivanov, TsNIIMASH, Russia 

IX.7     Onboard     Information-Computer     Facilities     for     Small-Size 
Spacecraft in  Support  of Carrying  out  Integrated  Computer- 
Aided Experiments of the TORNADO Type 
Yu. Levitsky, RSA, V. Nosikov, TsNIIMASH, Russia 

IX. 8     A   Small-Size   System   for   Spinning   and   Orientation   Control 
Relatively to the Velocity Vector for Small Satellites 
N. Pushkin, NPO IT, Russia 

IX.9     A Sensor System for Controlling Orientation Thrusters of Small 
Spacecraft 
N. Pushkin, NPO IT, Russia 

IX. 10   Applications of the Principles of Functional Interrelation of the 
Research Volume Phase Coordinates and Freedom of Measuring 
Instrument Failures 
G. Sukhov, S. Sukhov, Khrunichev GKPTs, Russia 

IX. 11   Small Spacecraft Information and Control System 
A Kalinin, A. Shishanov, Nil TP, Russia 

IX. 12   Advanced Onboard Power Supply for Space Objects 
V. Akimov, A. Gafarov, A. Gubertov, B. Kornilov, 
A. Prishletsov, Keldysh RC, Russia 

IX. 13   Characteristics of the Small-Size Radar 
K. Pichkhadze, Lavochkin NPO, Russia 

IX. 14   Satellite SHF Radiometer MTVZA for Earth Remote Sensing 
L. Bordyugov, N. Gorobets, V. Nakonechny, I. Cherny, 
G. Chernyavsky, TsPI RSA, Russia 

IX. 15   Mathematical Simulation of Small Spacecraft 
I.P. Kozlov, Nil PME MAI, Russia 



IX. 16   Set of Tools for Space Vehicle Environment Research 
V. Guselnicov, O. Bragin, A. Zadorozhny, A. Kocheev, 
Yu. Procopyev, A. Tyutin, NSU, Russia 

IX. 17   Prospects of X-ray cappilar optics usage in the space industry 
A. Volkov, A. Nevsky, M. Platonova, TsNIIMASH, Russia 

IX. 18   Holographic Filter-Based Light Optical Systems for Solar Space 
Research 
S. Adischev, I. Kanaev, A. Pugachev, IAE, Russia 

IX. 19   A High Spatial Resolution Scanner for Small Spacecraft 
M. Novicov, Yu. Gektin, N. Akimov, RNII KP, Russia 

IX. 20   Small   Spacecraft   Optical-Electronic   system,   Interface  with  a 
Space Platform, Major Parameters 
E. Mahlamed, M. Sokolsky, LOMO, Russia 

IX. 21   Optoelectronic facilities for tracking space debris 
V. Emeliyanov, V. Lukyashchenko, Yu. Merkushev, A. Rembeza, 
G. Uspensky, TsNIIMASH, Russia 

IX.22   An   Onboard   System  for  Processing  Advanced  Earth  Remote 
Sensing Satellite Images 
A. Volkov, S. Afanasiev, TsNIIMASH, Russia 

IX. 23   Problems of Complex Processing of Different-Resolution Space 
Images 
S. Kusimov, A. Sultanov, V. Bagmanov, P. Nugmanov, Ufa SATU, 
Russia 

IX. 24   Techniques   of   radar   data   processing   by   nature    resources 
management systems 
I. Elizavetin, P. Shirokov, NPO MASH, Russia 

IX.25   Development of a glow-discharge plasma generator for removing 
electrostatic discharges from small spacecraft. 
V.A. Ivanov, TsNIIMASH, Russia 

IX.26   Onboard and Onground Antenna System Miniaturiztion Applying 
Advances in Planar and Seignette-Ceramics Antenna Technology 
V. Utkin, V. Lukyashenko, G. Raikunov, A. Volkov, 
A. Lukyashenko, S. Shilyaev, V. Saltykov, TsNIIMASH, Russia 

IX.27   Prospects   of  Developing   Small  Advanced   Space   Information 
Stations 
A. Volkov, S. Afanasiev, S. Krutykh, TsNIIMASH, Russia 



3jieKTpoMarHHTHaji CHCTeMa yripaBJieHmi KocMiraecKHM annapaTOM 

CaHOflH A.F., CCMKHH U.R., IIoMejibHHKOB P.A., 3aHHH A.H., 
BOSHH R.T. 

CaMapcKHH TAY 
443642, r.CaMapa, MojioflorBapfleiicKafl yji.,151 

C pa3BHTHeM MajioraßapHTHbix cnyTHHKOB B03HHKaeT npo6jieMa 3Hep- 
reTiraecKoro oöecneHenHü (pymauHOHHpoBaHHfl öopTOBOH annapaTypbi. B 
pa6oTe paccMOTpeHa CHCTeMa opHenranHH cnyrHHKa, ocHOBaHHaa Ha B3a- 
HMOfleHCTBHH MarHHTHoro nojra 3eMjiH H TOKOB, oOTeKaiomHX cneuHajib- 
Hbie KOHCTpyKUHOHHMe SJieMeHTW. 

Pa3pa6oTaHai MaTCMaTHHecKaa Mo^ejib /JHHaMHKH KOCMtraecKoro an- 
napaTa, arieicrpoMarHHTHa« cHcreivra ynpaBjieHHH KOCMHHCKHM annapaTOM, 
6jioK-cxeMa CHcreMbi, nporpaMMHoe oGecneqemie. 

^BHxeHHe cnyrHHKa no opönre onHCHBaeTca ypaBHeHHeM amranca. 
^HHaMHKa KocMH^ecKoro annapaTa OTHOcHTejibHo uempa Mace ocHOBaHa 
Ha ypaBHeHHH yruioBoro    jJBiDKeHHJi ciryrHHKa,  B (popMe  3fijiepa. JJpifc- 
CTByiOIUHH MOMeHT HaXOTJHTCH HCXOJJH H3 ypaBHeHHH AlVinepa H KOHCTpyK- 
THBHBIX napaMeTpoB KocMKraecKoro annapaTa. Maranraoe nojie 3eMJiH 
onncaHO aHajiHTEraecKHM npeacxaBjieHHeM Taycca. B CBü3H CO cjioaarocTbio 
nponeccoB B3aHMo/j;eHCTBHii MarHHTHoro nojra 3eMJiH H COJIHCHHOH SaTapen 
co3flaHa MHoroypoBHeBaa cpopMajra3aHHH nyreivi nocTpoeHira /jepeBa Mo^e- 
jien. MaTeMaTEraecKaü MOßejib cojraeHHOH GaTapen npe/jcTaBjieHa MO/rejiHMH 
COJIHeHHOTO SJieMCHTa H C6TH COe/JHHinOIIIHX npOBOJJHHKOB. 

3jieKTpoMarp[HTHaa cnereMa ynpaBjiemw KocMirqecKHM annapaTOM 
BKjnoqaeT: flaT^HKH MarHHTHoro nojw, yrjioBoro ycKopemra, yrjioBoft CKO- 

pocTn; ajieKTpoMarHHTHwe HcnojiHHTejibHbie ycTpoficTBa (cojiHeHHbie 6ara- 
peH H MarHHTHbie HcnojiHHTejibHbie ycTpoHCTBa); aHajioro-HHCppoBOH npe- 
o6pa30BaTejib; MHKponponeccopiryio cncTeMy; MexaHH3M peryjinpoBamra 
MarHHTHbix HcnojiHHioiiiHX ycTpoHCTB, a TaioKe napaMeTpw cojiHe^Hon 6a- 
Tapen. 

nporpaMMa ynpaBjieHHH ocHOBaHa Ha npHHunne onTHMajibHocTH 
BejijiMaHa H jj,Byx 6a3 ^anHbix. B nepBon 6a3e aaHHbix HaxojjHTcn Ha6op 
KOMaH/i, /JJIH ynpaBjieHHH TOKOOT6opa OT cojiHenHbix 6arapeH, BO BTOPOH 

HaxoflHTCH Ha6op KOManzi AJM ynpaBjieHHH BejuraiHOH Toxa B MarHHTHbix 
ynpaBjiiieMbix ajieMeHTax. IIporpaMMa H3 Ha6opa KOMaHjjf 6a3 /jaHHbix co3- 
jjaeT nporpaMMy aeHCTBira JJJIH cTa6HjiH3anHH cnyrHHKa. B 3aBHCHMocTH OT 

BHeniHHX napaMeTpoB H noTpeöjieHHH TOKa Ha 6opTy cpopMHpyeTcn cpyHK- 
HHH nejiH, HCXO/JH H3 Hee Bbi6npaioTCH KOMaH/jbi. CoBOKynHocTb KOMana 
npe^cTaBjiHioTca B BHfle jjepeBa. B cjiynae HecnporH03HpoBaHHoro pe3Koro 
yBejiHHeHHH ycKopeHHH npoH3Bo/j;HTCH SbicTpoe rameHHe HMnyjibca H HOBan 
reHepamra KOMaH/j;. 

HncjieHHoe MoaejnipoBaHHe npoH3Be/jeHO B cpe^e naKeTa 
Mftchematica 3.0. Orpa6oTKa ajiropHTMHHecKoro ypoBHH npn6opa npoH3Be- 
ZieH c noMombio naKeTa LabVIEV. 

ACaHOHH 



rioKa3aHo, HTO npH Macce KocMiraecKoro annapaTa 40 KT H ynpaB- 
junomeM TOKe B 1 M<I> cncTeMa pa6oTocnoco6Ha npH cjie/jyiomHX MaKCH- 
MajibHbix Ha^ajibHWx ycjioBHflx: yroji OTKJioHeHira 0,09 pa^.yrjioBaa CKO- 

pocTb 1,22-10~4 pazic"1 . IlepexoflHOH npoijecc AJIHTCU (1,2-5)  10"4c. 

A. CaHOHH 
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PecpepaT 
fl,Jia opHeHTai^EH Majibix cnyTHHKOB mnpoKo Hcno.nb3yiOTC.a cHCTeMbi, H3Mepn- 

TeJibHbie H HcnoJiHHTeJibHbie opraHbi KOTopwx B3aHMOfleM.CTByioT c reoMarHHTHbiM 
nojreM. TaKHe CHCTeMbi npn HX ecTecTBeHHbix orpaHH^eHHSx no TOHHOCTH opneH- 
Tannn OT oflHoro ,a;o HecKOJibKHX rpa^ycoB oSjia^aioT HecoMHeHHbiMH npeHMyrne- 
cTBaMH, HMeiomHMH ocoöyio npHBJieKaTejibHOCTb fiJin Majibix cnyTHHKOB — BbicoKaa 
HafleacHOCTb, MaJibiä Bee, npocTOTa B H3roTOBJieHHH, OTHOCHTCJIBHO HH3Kaa CTOH- 

MOCTb. 
IIoMHMO CHHTe3a ajiropHTMOB ynpaBJieHHfl 3Tan pa3pa6oTKH cncTeMbi opaeH- 

Tan;HH BKJiiOHaeT B ce6a TecraposaHHe KanecTBa ee paöoTbi. Hcnojib30BaHHe Ha- 
3eMHbix cTeHflOB SBJiseTCfl oflHHM H3 B03MoacHbix nyTen pemeHHH 3TOÄ npo6jieMbi. 
Hapafly c MexaHHHecKHMH cTeiiflaMH uenecooopasHO Hcno.iib30BaTb KOMnbioTepHbie 
CTeHflti, HTO 3HaHETeJibHO ynpomaeT nponecc pa3pa6oTKH H HcnbiTaHHa cnyTHHKa. 
B flOKJia^e onncHBaioTca anropHTMbi ynpaBJieHM H CHCTeMa, peaiiH30BaHHafl B BH$e 
nporpaMMHoro KOMnJieKca, RJIX KOMiibioTepHoro Mo^ejinpoBamifl, BepH(pHKanHH H 

onemcH KanecTBa cpyHKUHOHHpoBaHHfl CHCTeMbi opneHTauHH Maabix cnyTHHKOB. 

BBe^eHHe 
fl,j& ynpaBJieHHJi yrjioBMM fiBUMenvieu Majibix cnyTHHKOB B HacToamee BpeMfl 

ninpoKO HcnojibsyiOTca CHCTeMbi opneHTaHHH, H3MepHTe.ibHbie H HcnojiHHTejibHbie 
opraHbi KOTopwx BsaHMOfleäcTByioT c reoMarHHTHbiM nojieM. /JnanasoH ncnojib- 
aoBaHHH reoMarHHTHoro nojm flJis neJieH opneHTaHHH npocrapaeTCH OT naccKBHbix 
CHCTeM  flO   aKTHBHblX   H  KOMÖHHHpOBaHHblX   CHCTeM.    B   HaCCHBHblX  CHCTeMaX OHO 
cpopMHpyeT BoccTaHaBJiHBaion^HH MOMCHT, ecjin cnyTHHK opneHTHpyeTCfl no BeK- 
Topy HanpaaceHHocTH MarHHTHoro nous 3eMJiH. /JeMncpnpyioinHH MOMCHT MoaceT 
(popMHpoBaTbca MarHHTHbiM nojieM, no>KajiyH, fljia 6oJibmHHCTBa THnoB naccHBHbix 
CHCTeM B 4>opMe rHCTepe3HCHbix CTep>KHeH H3 MarHHTOMflrKoro MaTepHana, no#Be- 
COB c peryjinpyeMbiM cyxHM TpeHHeM c HcnoJib30BaHHeM MarHHTHoro rncTepe3Hca 
HJIH BH3KHM TpeHHeM C HCn0JIb3OBaHHeM TOKOB 4>yKO. AKTHBHbie MarHHTHbie CH- 
CTeMbi B Ka^iecTBe Hcno.KHHTejibHbix opraHOB ncnojib3yioT TOKOBbie KaTymKH 6e3 
CepfleHHHKOB, HTO n03BOJttieT H36e)KaTb HHepHHOHHOCTH B H3MeHeHHH HX flHnOJIb- 
HOrO MOMeHTa.   B KOMÖHHHpOBaHHblX CHCTeMaX MarHHTHbiM 3JieMeHTaM OTBOflHTCil 

B.A-neKcaHflpoB 



aKTHBHas pojib, HanpHMep, MaxoBHK c nocTo.sHHbiM KHHeTHHecKHM MOMeHTOM yflep- 
acHBaeT o/jHy H3 ocen cnyTHHKa B/JOJIB HopMam K njiocKocTH op6HTbi, a noBopoT 
BOKpyr 3TOH OCH OCymeCTBJiaeTCÄ TOKOBBIMH aKTHBHBIMH TOKOBblMH KaTyHIKaMH. 

IIoMHMO CHHTe3a anropHTMOB ynpaBJieHHJI B aKTHBHBIX CHCTeMaX HJIH BBiöopa 
napaMeTpoB B naccHBHbix CHCTeMax 3Tan pa3pa6oTKH CHCTeMbi opneHTanHH BKJIIO- 

naeT B ceöü TecTHpoBamie ee KaaecTBa. Hapa^y c MexanHnecKHMH cTeH^aMH n;e- 
JieCOo6pa3HO HCnOJIb30BaTb  KOMnblOTepHbie CTeHflbl.    3TO  n03B0JIHT  3HaHHTeJIbHO 
ynpocTHTb H yflemeBHTb npouecc pa3pa6oTKH H HcnbiTaHM cnyTHHKa. B flo- 
KJiafle onncbiBaiOTCfl ajiropHTMbi ynpaBJieHHH H CHCTeMa, peaJiH30BaHHaa B BHfle 
nporpaMMHoro KOMiuieKca, fljifl KOMnwoTepnoro Mo^ejinpoBaHHA, BepncpHKaHHH H 

on;eHKH Ka^ecTBa cpyKHHOHHpoBaHHa CHCTeMbi opneHTaHHH Majibix cnyTHHKOB. CH- 

cTeMa no3BOJDieT OHCHHTB Ka^ecTBO naccHBHbix CHCTCM opneHTaHHH, HO ee OCHOB- 

Hoe npeflHa3HaneHHe 3aKjnoHaeTCH B oneHKe icanecTBa ajiropHTMOB aKTHBHoro ynpa- 

BJieHHH Ha 6a3e cpaBHeHHtf c HeKOTopbiM HfleajiH3HpoBaHHbiM ajiropHTMOM. 3TO no- 
3BOuHeT oneHHTb pe3epB TecTHpyeMOH CHCTeMbi. CHCTeMa no3BOJiaeT TaKace npo- 
BepHTb KanecTBO Bbi6paHHbix ajiropnTMOB ynpaBJieHHJi H oneHHTb BJiHÄHHe OIHHöOK 

B onpe^ejieHHH TeKymero <pa30Boro BeKTopa cnyTHHKa BCJieflCTBHe norpeniHocTeii 
flaTHHKOB opneHTaHHH, OTKa30B B KOHType ynpaBJieHHa, BJHMHHH BHeniHHX ßHHa- 

MHHeCKHX B03MyHi;eHHH. 
OnucaHHe cHCTeMU TecmpoBamiH 
<J>yHKHHOHaJIbHafl CXeMa OflHOH H3 B03MOXCHbIX KOHCpHrypaHHH CHCTeMbi TecTH- 

poBaHHa, Kor^a B icanecTBe TecTHpyeMbix BbicTynaioT ajiropHTMbi aKTHBHoä Mar- 
HHTHoS cTa6HJiH3au;HH, npe^cTaBJieHa Ha pnc. 1. 

TecTHpyeMbift 6JIOK 1 npe^cTaBJiaeT ajiropHTMbi ynpaBJieHHü opneHTaHHeii cnyT- 
HHKa, KOTopbie npe^JiOÄeHbi pa3pa6oTHHKaMH cnyTHHKa. /JJIH CHCTCMM TecTHpoBa- 
HHJI 3TH ajiropHTMbi npeflCTaBJWIOT COÖOH "HepHblH aiHHK" C H3BeCTHbIMH BXOflaMH 
H Bbixo/i,aMH. CaMa cncreMa TecTHpoBaHM (popMHpyeT BHeHiHioio H BiiyTpeHHioio 
cpe,a;y, B KOTopoä (pyHKHHOHHpyeT TecTHpyeMbiH 6JIOK.  O/JHHM H3 OCHOBHMX 6JIO- 

KOB CHCTeMbi ÄBJIfleTCa 6JIOK 2 - 6jIOK MOfleJIHpOBaHHH ßHHaMHKH o6TbeKTa.   B 3TOM 
6jioKe npoHcxoflHT HHTerpnpoBaHHe ypaBHeHHH flBHaceHHK uenTpa Mace cnyTHHKa H 

ypaBHeHHH ßBHaceHHH BOKpyr ueHTpa Mace nofl ^encTBHeM ynpaBJunoinHX H B03My- 
maiOHHIX MOMeHTOB.  Bo3MOX£HO BKJIIOHeHHe B MOfleJIb TH6KHX SJieMeHTOB - IHTaHrH, 
Hcnojib3yeMOH #JI» rpaBHTaHHOHHofi CTa6njiH3aHHH, naHejieHCOJmeHHbix öaTapeä 
H np. AKTHBHoe ynpaBJieHHe cnyTHHKOM ocyiHecTBJiaeTC.*i c noMoinbio MarHHTHbix 
KaTymeK.   YnpaBJiflioiiiHe cnrHajibi ßjra 6jioKa 3 - (popMHpoBaHHa ynpaBJunoin,HX 
MarHHTHbix MOMeHTOB nepeflaioTCfl H3 TecTHpyeMoro 6jioKa 1. KpoMe 3Toro, 6JIOK 

3 HcnoJib3yeT HHCpopMaHHio o HanpaaceHHOCTH MarHHTHoro noJia 3eMJin, MO^ejib 
KOToporo pea,HH30BaHa B GjioKe 5.   3TOT 6JIOK MoaceT HMeTb HecKOJibKo ypoBHeä, I 
pa3JiHHaion];Hxcii no CJIOäHOCTH onHcaHHS MarHHTHoro nojia 3eMJiH, Kor^a B 3aBH- 
CHMOCTH OT HCCJie^yeMOH sa^anH HcnoJibsyeTCH pa3JiHHHoe HHCJIO HJICHOB B pa3Jio- 
aceHHH noTeHHHajia MarHHTHoro nojra.   Bo3Mynj;aioH];HH MarHHTHbifi MOMCHT, fleii- 
CTByioiHHH Ha cnyTHHK, 4>opMHpyeTCü B ÖJioKe 6.  B 6jioKax 7 H 8 MOflejinpyioTca 
rpaBHTao;HOHHbie CHJIM H MOMCHTH, ßencTByiomHe Ha cnyTHHK. J\JIR onncaHHa rpa- 
BHTaHHOHHbix MOMeHTOB nojie TflroTeHHH CHHTaeTCH HeHTpajibHbiM. HTO KacaeTCÄ 
CHJI rpaBHTaHHH 6jioKa 7, TO 3/i,ecb KaK H B cjiynae 6jioi<a 5 npe^ycMOTpeHO HC- 
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PHC.1. <E>yHKijHOHajibHaH cxeMa CHCTeMM TecTHpoBaHHa. 

nojib30BaHHe MOflaieä pa3JiH^Horo ypoBHs CJTCOKHOCTH fljia rpaBHTaHHOHHoro no- 

TeHnnaJia 3eMJiH. BJIOK 9 npe,a,Ha3HaHeH fljm MOflejiHpoBaHHJi BJIHAHHA aTMoccpepti 

Ha flBHaceHHe cnyTHHKa. CoBMecTHo 6JIOKH 5,7,8,9 (popivrapyioT BHCHIHIOIO cpefly, 

KOTopas BJiHfleT Ha flBHacemie ynpaBJiÄeMoro o6i,eKTa. 

BHyTpeHHioio cpe^y <pyHKHHOHHpoBaHHJi oSteKTa cocraBJisioT HHCTpyMeHTajib- 

Hbie norpeniHOCTH H3MepHTe.JibHbix flaTHHKOB, norpeniHOCTH HcnojiHHTeJibHbix op- 

raHOB, coöcTBeHHbie MarriHTH&ie MOMCHTBI, a TaKxe Ha6op HeacnpaBHOCTeH H ne- 

HiTaTHLix CHTyaipra, B03HHKaiomHX B nponecce 3KcmiyaTanHH cnyTHHKa. Ilpeflno 

jiaraeTca, HTO TecrapyeMas cncTeisia ynpaBJienna MoaceT Hcncuib30BaTb noKa3aHHa 

PPyX THnOB flaTHHKOB - MarHHTHHX H OITTHMeCKHX (cojiHe^Hbix).  J\JIH KOppeKTHOTO 

MOflejiHpoBaHHa paöoTM nocjieflHHX HeoöxoflHMO yHHTbiBaTb He TOJIBKO ^BHaceHHe 

cnyTHHKa OTHOCHTCJIBHO 3eMjm, HO H flBHaceHne 3CMJIH oraocHTejifeHo Cojraua. Mo- 

flejinpyeMbie OHIH6KH #aTHHKOB HMeioT cnoacHyio CTpyKTypy - y^HTbmaioTCii afl- 

flHTHBHbie, MyjibTHnjiHKaTHBHbie H cjiynaHHwe cocTaBJMiomHe. CTaTHCTHHecKoe 

onncaHHe HHCTO cjryHaÄHHX cocTaBJiflK>Hj;Hx oiHHÖKH H3MepeHHH, a TaKace onHca- 

HHe CpyHKHHOHaJIbHblX MHCOKeCTB flJM HeCJiyHaHHblX KOMnoHeHT OIHHÖOK H3MepeHHH 

HcnojibsyeTcs B flByx cjiynasx. B nepBOM cjiynae RJLSL Mo^ejiHpoBaHHH pa6oTbi ca- 

MHX flaT^HKOB, KOTopoe npoHSBOflHTCfl B 6jioKax 10 H 11, H npH pa6oTe 6jioKa 12 

CTpaTerHH TecTHpoBaHHH, B nponecce onpe#eJieHHfl Hanxyfluinx BCOMymeHHH. B 

6jiOKe 12 npOH3BOflHTca ynpaBJieHHe paöoTofi Bcex nepeHHCJieHHbix Bbiuie Mo^yjien. 

B nponecce TecrapoBaHHa MO#yjib MoaceT MCHATB 3HaneHHe jnoöoro napaMeTpa, 

BJiHsioinero Ha flBHSceHHe CHCTCMH, npepBaTb pacneT flBHacemifl: cnyTHHKa H BHOBB 

HanaTb ero c HOBBIMH HCXO^HBIMH #aHHbiMH, H T.n. BxoflHtiMH napaMeTpaMH fijw 
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3Toro MOflyjia äBJMIOTC» omicaHM MHOXCCCTB, 3a,a,aK>H];Hx flonycTHMbie Heonpefle- 
jieHHocTH B 3aflaHHH HOMKHaJibHOH opÖHTfci, HeonpeflejieHHOCTH B 3a,0,aHHH Macco- 
BBIX H reoMeTpHMecKHx napaMeTpoB cnyTHHKa H ero SJICMCHTOB - urraHrH, cojmeH- 
HBIX 6aTapeii H T.#. TaKsce sa^aioToi onncaHHfl MHoacecTB, 3aflaioiHHX CTpyKTypy 
H napaMeTpu RJUL Kaacßoä KOMnoHeHTbi OIHH6OK H3MepeHHH HMeKHHHxea /jaTHHKOB. 
KpoMe Toro, Ha BXO,ZI; ÖJioKa no^aeTC* onncaHne Bapnai^HH aTMoccpepbi, rpaBHTa- 

nnomibix H MarHHTHbix B03MymeHHH. 
ECJIH cHCTeMa TecTHpoBaHHa pa6oTaeT B OTKPHTOM peacHMe, TO anajiH3Hpy- 

iOTCH TeKymHe oTK-iOHeHHS OT Tpe6yeMOH TpaeKTopnn. /JJM onpeflejieHHfl KanecTBa 
cTa6HJiH3an;HH Haxo^ATca sKCTpeMajibHbie xapaKTepncTHKH paBHOMepHoä ycToiiHH- 
BOCTH c on;eHKOH Ha KOHCHHOM HHTepBaJie BpeMeHH [1]. KaK noKa3aHO B [1], 3Ta 3a- 
flana AB-iraeTCJi pacraHpeiraeM H3BecTHon sa^ann B.B. ByjiraKOBa o MaKCHManbHOM 
OTKJioHeHHH. Bo MHorHX cnynasx 3TOT ace noflxofl MOXCHO npnMeHHTb H fljia 6ecKo- 
HeHHoro HHTepBaaa BpeMeHH. JJ,JIH 3aMKHyToro pexcHMa TeernpoBaHaa xapaKTepn- 
CTHKH KanecTBa CTa6nJiH3aHHH HaxoflüTca H3 penienna flHcptpepeHHHajiBHOH Hrpbi 

npH HaJIHHHH flHCKpHMHIiaHHH OflHOrO H3 HrpOKOB. 

IIocTaHOBKa aa^aHH TecTHpoBaHiw TOHHOCTH 

1. OCHOBOH cTpaTerHH TecTHpoBaHHa TOHHOCTH HBjmeToi nocTaHOBKa, peine- 
HHe MaKCHMHHHbix sa/jan H HX Hcnojii>30BaHHe fljis npoBe^eHMfl TecTHpoBaHHH. JXJIS. 

(popMHpoBaHHfl 3a#aHH Ha maximin BBe^eM cneflyioiHHe noHHTHs: u — BeKTop 
ynpaBJiaioHHix cnrHajroB aKTHBHoä opneHTamra; v — BeKTop B03Myin;eHHH, oKa- 
3biBaioiHHX HeraTHBHoe BJiHaraie Ha TOHHOCTB opneHTaHHH. Cio^a cJie^yeT orae- 
CTH HaMajn>Hbie oTKJtoHeHHii, HHCTpyMeHTanbHbie norpeniHocTH H pa3JiHHHoro po#a 
B03MyiHaioin;He MOMeHTbi— aspoflHiiaMHHecKe, MarHHTHbie H T.fl. 

nyCTb lfo(u,v)  KpHTepHH TOHHOCTH OpHeHTaHHH.    OöblHHO  ynpaBJifflEOHTHe 
cnrHajibi (popMHpyioTca KaK (pyHKUHH BpeMeHH H oneHOK OTKJioHeHHH y: u = u(t, y). 
HTO KacaeTca BeKTopa B03MymeHHH, TO B cnynae TecTHpoBamM MOäHO npeflnojio- 
acHTb HanHHHe 3aBHCHMOCTH BeKTop-(pyHKHHH v OT nepeHHcaeHHbix nepeMeHHbix, 

a TaKace OT caMHX OTKJIOHCHHH H SHanenHH ynpaBJieHHs: v = v(t, y, u). 
TaKHM o6pa30M, HMeeM 3a/i,aHy Ha maximin c onpe/jejieHHOH ßHCKpHMHHaHHeä 

fljia ynpaBJieHHH 
min (fo{u, v) -> max . 
u(t,y) v(t,y,u) 

B 3TOM cjiynae B COOTBCTCTBHH C TeopeMOH H.H.KpacoBci<oro[2] cooTBeTTCTByio- 
Hi;aa flH(p(pepeHHHaj[bHaa nrpa HMeeT ceflJioByio TOHKy 

maxmm97o(w,v) = m\nm&xip0(u,v) = (^o(u0,u0) (1) 
V U U V 

HaJiHHHe ceflJioBOH TOHKH no3BOJiHeT BBCCTH noHüTHe oTJiHHHoro pe3yjibTaTa <pyHK- 
HHOHHpoBaHHii aJiropHTMOB aKTHBHofi opHeHTaHHH. CaMa npone^ypa TecTHpoBa- 
HHH B 3TOM cjiynae CBOflHTca K nocJie^oBaTejibHOMy BbinojiHeHHK) flByx HiaroB: 

1-H mar. Bocae npe^cTaBJieHHfl cnoco6a opHenTan;HH H ^aHHbix o flHHaMHKe 
cnyTHHKa penraeTca flHHaMHHecKaa nrpa (1), HTO no3BOJi.aeT naÜTH ce^jroByio TOHKy 
(oTJiHHHbm pe3yjibTaT) H onTHMajibHyio KOHTpcTpaTernio v°(t,y,u). 

2-ä mar. IIpoHcxoflHT npone^ypa TecTHpoBaHHa: Ha 6JIOK "aJiropHTM aKTHBHoä 
opneHTaHHH" B peajibHOM BpeMeHH noflaeTca nepBHHHaH HHCpopMaHna c flaTHHKOB 
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H CHUMaioTca CHrHaJiBi ynpaBJieHHS, BbipaöaTbiBaeMbie anropHTMOM. 3TH CHrHajibi 
Hcnojib3yioTCÄ fijw aKTHBiioa opneHTairHH, HTO no3BOJweT no^cHHTaTb peaiibHbie 
3HaneHHfl (pyHKHHOHajia ip0(u,v°).   /l,aHHoe 3HaneHHe cpaBHHBaeTCH c OTJIH^HMM 

pesyjibTaTOM *%0sf V 1. 
2.     PaccMOTpHM npHMeH:eHHe H3JioaceHHoro Bbirue ajiropHTMa Ha npHMepe Te- 

CTHpOBaHHfl aJiropHTMOB aKTHBHOH MarHHTHOH CTa6HJIH3aH,HH cnyTHHKa. 
ypaBHeHHH Majibix KojieÖaHHH OTHOCHTCJIBHO neHTpa Mace B npoeKnnn Ha OCH 

CBfl3aHHOH CHCTeMbi M05KHO 3anHCaTb B BHfle 

Actx + u0(C + B- A)a3 + 4<4(B - C)ax = Mf + M\ + AMf, 

Ba2 + 3w*(A - C)a2 = M2
a + Mb

2 + AM2
S, (2) 

Cä3 + u0{B -A- C)äi + w&B - A)a3 = M3
a + M3

6 + AM|. 

3#ecb A, B,C — MoiieHTw HHepHHH, u>o(t) — yrJioBaa CKopocTb #BHxeHHfl neHTpa 
Mace, a = (ax,a2,a3) — BeKTop Majioro noBopoTa CB£3aHHOH CHCTeMbi MxxX2X3 

OTHOCHTeJIbHO OpÖHTaJIbHOH  CHCTeMbi MyXy2H3- 
06o3HaMHM 8 — {Sij} — MaTpnny noBopoTa cTpoHTejibHbix oceii Mzxz2z3 cnyT- 

HHKa OTHOCHTeJIbHO CBJI3aHHOH CHCTeMbi Mx. 06o3HaHHM U = (llx,U2,U3) — npo- 
eKHHH aKTHBHoro MOMeHTa, co3#aBaeMoro KaTyuiKaMH c TOKOM, Ha OCH CHCTCMH 

Mz. 
(Ii,I%,Ig) — npoeKHHH coöcTBeHHoro MarHHTHoro MOMeHTa, B03HHKaK>mero 

H3-3a HaMarHHMeHHoeTH cnyTHHKa. 
T — {TXlT2iT3) — npoeKipra BeKTopa MarHHTHoS HanpaacemiocTH 3eMJiH Ha 

OCH OpÖHTaJIbHOH CHCTeMbi My. 
AMf, AMf, AMf— npoeKHHH Ha coöcTBeHHbie OCH HeMo/jejinpyeMbix B03My- 

HjaioinHX MOMCHTOB, fljia KOTopbix HMeeTcs TOJibKO CTaTHCTH^ecKoe onncaHHe. Ha- 
npHMep, HX MoacHo npeflCTaBHTb B BH,qe oTpe3KOB püfla ({»ypbe (RJIX npocTOTbi 
B3ÄTbi TOJibKO flBa ^:jieHa pasjiosceHHJi) 

AMf = du + d,2i cosuot + dsi sina;o£ -f d^ cos 2uiot + 

+ d5i sin 2uj0t + d6i,     i = 1,2,3.    (3) 

r#e dii,d2i,dsi,d4i,di5 = const, a c^« — BbicoKOHacTOTHaa cocTaBJiaron^aa THna 
Sejioro niyMa. 

IIpoeKnHH aKTHBHoro MarHHTHoro MOMeHTa Ha coöcTBeimbie OCH UX = [E—8}uz. 
IIpoeKnHH ynpaBJiiiioiHero MOMeiiTa Ma — u x T 3anHineM B BH^e 

Mi = u2(T3 - T28x) + Ul(T2S2 + T383) - u3(T2 + T38x) + ^ aiUjXijx(8) 

Ml = u3{T, - T3S2) + u2(T1S1 + T383) - Ul(T3 + 7\<S2) + ^aiUj\ij2(S) 

{'3 _ (4) 
MS = u2(T3 -T- 28,) + ux{T282 + T383) - u3(T2 + T38x) + J^ *iUj\l3(8) 

3flecb \jjk(S) — KoacpcpHnHeHTbi npn HejiHHeHHbix cocTaBJiaioiHHX aKTHBHoro ynpa- 
BJiflK)Hj;ero MOMeHTa (4). AHajiorHHHbie BbipaaceHHa MOSCHO 3anncaTb fljia cocTaBJiJi- 
K>HI;HX B03Mym;aK)mero MarHHTHoro MOMeHTa. 
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B cjiyiae, Korfla TOHHO H3BCCTHO nojioaceiiHe neHTpa Mace cnyTHHKa M, BeKTop 
H3MepeHHa MoacHO upe^CTaBHTb B BH^e z = T" — T*, rfle T" -7- BeKTop, cocTaBJieH- 
HblH H3 H3MepeHHBIX KOMHOHCHT HanpSXeHHOCTH nOJDI B TOHKe M, T* — HHCpopMa- 
HH.H o npoeKHHax MarHHTHoro nojra 3eMjm Ha 6opTy cnyTHHKa.  ECJIH nojioaceHHe 
HeHTpa Mace H3BCCTHO, TO T* = Ty. C TOHHOCTBIO #0 M&Jibix BToporo nopü^Ka 

f; = [E + A][E + S'][E + S][E + &]fy + £0 + £1 sin wo* + 6 COSWQ* + f3     (5) 

ryje £0 = (^1)^2)^3) — cucTeMaTHHecKaa norpenmocTb H3MepeHHÄ( yxoflbi Hyjra 
flaTHHKOß). 

-#       -* 
£i,£2 — 3aBHc$nipie OT BpeMeHH KOMnoHeHTbi CHCTeMaTHnecKoä norpeoiHocTH. 
{3 — BbicoKOHacTOTHfcie KOMnoHeHTbi norpeniHOCTH, npeflCTaBJieHHbie öejibiM 

HiyMOM. 
5'  BeKTOp MaJIOrO nOBOpOTa OCeä HyBCTBHT&IIbHOCTH flaTHHKOB OTHOCHTeilbHO 

npnöopHOH CHCTeMbi Mz. 

A — MaTpnna OTHocHTeJibHbix norpeniHOCTen H3MepeHHH. Ha flnaroHajra (An, 
A22,   A33)      OHIHÖKH   MaCHITaÖOB   H3MepeHHH  MarHHTOMeTpOB.     BHe  flHarOHaJIH 
(Ay)   K03(p(pHHHeHTbI nepeKpeCTHOH HyBCTBHT&JIbHOCTH MarHHTHoro ßaTHHKa, 
o6yoiOBJieHHHe HeopToroHajibHocTbK) pacnoJioKeHHJi ocefi H3MepeHHH TpexKOMno- 
HeHTHoro MarHHTHoro flaTHHKa. 

B npoeKHHax Ha OCH MX cooTHonieHHS (5) 3anHHiyTc.a: B Büße 

zk = AfcfcT! + (a x T)k + ]T Zi*UTy) + Y a^(Ty) + Y «.-?>£■*( Ay, &, *') + 
i i i,j 

+ & + & sin u0t + il cos u0t + ek    (6) 

/Jo6aBHM K ypaBHeHHiiM (2) (popMnpyiomHe ypaBHeHHH fljia onncaHHA KOHCTaHT B 

BbipaaceHHüx #JM B03MymaioiLi;HX MOMCHTOB (3), a TaKxe B BeKTope H3MepeHHH (6) 

du = 0    . ^ = e? 
«3i — w0a2t 

«2i — d^i 
2A . s*  ~ s* 

tf = o     M.     °2J     e? = u,^, (7) 
Xi = 0 » = 1,..., 3, 

d5i — 4w0d44- 

npe^nojiaraff e*;,(5j M&ntiMH, npeHeopeaceM HenHHeimbiMH HJieHaMH B (4) H (6). To- 
r#a ypaBHeHHfl flBKaceHH.« ynpaBjiaeMOH CHCTeMbi MOäHO npe,zi;cTaBHTb B BH#e 

y = A(t, v)y + B(t, v)u + C{t, v)w + D(t)q 

'y = A(t, v)y + B(t, v)u + C(t, v)w + K(z - Hy), (8) 

z = H(t,v)y+ H^tfw + r 

rfle 

y = (ai,a2,a3,äi,ä2,a3,di;,c/2n^3*,d4j,<40,     * = 1,2,3, 

« = (UI,U2,M3),    v = (51,82,83),    u; = (/r,/2
n,/3"), 

9 = (^61,^62)^63,^1,^2:^3) 
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y — oueHica y; K(t) — MaTpnua ycmieHira B anropHTMe cmeHHBaHHfl. Bo3MymeHH.s 
q vi r MOfleiiHpyioTCii BeKTopHbiMH 6ejibiMH uiyMaMH c H3BecTHHMH MaTpimaivra 
HHTeHCHBHOCTH M[qqT] = Q(t), M[rrT] = R(t). 

KpHTepHH KanecTBa cTa6njiH3aD;HH fljui TecTHpoBamis MOKHO 3anHcaTb B BH^e 

J = M[y{Uf'Foy(h) + f \yTNy + uTR0u)dt], (9) 
Jo 

r#e F0, A'', R0 HeoTpimaTejibHO onpe^ejieHHtie cHMMeTpiraibie MaTpnubi, M — one- 
parjira Bsmma MaTeMaTHMecKoro oxHflaHHfl. 

IIo onpe^ejieHHio OTJIHMHHH pesyjibTaT ecTb 

J° =- maxmin J(u,v) (10) 
V.VJ u 

B CHJiy TeopeMbi pasflejieHHii 3aflana noHCKa oTJimHoro pe3yjn>TaTa (10) TecTPipo- 
BaHHÄ flJLH CHCTeMM (8) MOSCeT 6bITb ccpopMyjinpoBaHa B BH^e 

Jo = max J°(v, w),    r^e 
V ,w 

f*l (11) 
J(v, w) = min MlyihfFoviU) + /    (yTNy + uT R0u)dt] 

K,K Jo 

3,o;ecB K, K — MaTpanbi oöpaTHbix cBJi3eH B 3a^anax onTHMajibHOÄ cTaÖHJnraaHHH 
H oi^eHHBaHHÄ (y — onTHMajibHaa oueHKa KoopflHHaT y). 

TaKHM o6pa30M, sa^ana noHCKa oTJiHMHoro pe3yjibTaTa H naHxyflinnx B03My- 
meHHH v°, w° CBOflHTca K DKCTpeMajibHOH 3afla^e: 

J°(v,w) = Tr[£(0)Po + [\CQ + CBR^BTCP)dt] + 
Jo 

rh 
+ (j%(ti)Fofjiy(ti) +  /   (fiyNfXy + yujKR0K

J'ny)dt ->• maxveV, wew   (12) 
Jo 

(13) 

fry    —    A(l))fly   +   B(v)K)fly   +   ClW(t) 

fry = (A(v) + B(v)K)ny + dw(t) + k(Hny - Hßy) + KC2w 

£ = -CA(v) - AT(v)C -N + CB(v)Rö1BT(v)C, 

P = A(v)P + PAT(v) + Q- KRKT, 

K = -R-iBTC,        K = PHTR-\ 

C(h) = Fo,        P(0) = Po,       M0)=^ 

rfle Tr — onepaTop B3JITH.H cne^a MaTpinjbi, fiy = M[y], fiy = M[y], Q = DQD . 
nycTb JQ = J(v°, w°)— ee pemeHHe. Ha BTopoM niare TecTHpoBamra, npoMO- 

flejiHpoBaB noKasaHHfl #aTHHKOB, nojiy^a« Ha Bbixo^e 6jio:Ka "aJiropHTM aKTHBHoä 
opneHTai^HH" 3HaHeHHfl ynpaBJiflioiHHX B03/i;eHCTHBHH u, BbiHHCJifleM TeKymHe OT- 

KJiOHeHHH KoopflHHaT y(t). IlocJie CTaTHCTHHecKOH o6pa6oTKH BejiH^iHH y(t) nojiy- 
MHM 3HaneHHe cpyHKUHOHajia KanecTBa JQ\ CpaBHHBaa c OTJiHHHbiM pe3yjibTaTOM 
Jo, nojiy^aeM ou;eHKy Ka^ecTBa (pyHKn;HOHHpoBaHHfl CHCTCMM opHeHTau;HH. 
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3. PaccMOTpHM 6ojiee noßpo&ao peineHHe SKCTpeMajiBHoii sa^a^n (12) H BBI- 

HHcneHHe OHCHKH KanecTBa cTa6HjiH3aHHH Ha npHMepe cTaÖHJiH3aHHH KaHana Tan- 

raacHbix KOJieöaHHH cnyTHHKa. 
/JJW npocTOTbi CHHTaeM, HTO HanpaaceHHOCTB MarHHTHoro nojia. 3eMJiH CKJiaflBi- 

BaeTca H3 nojia T, aa^aHHoro npaMHM flnnojieM H <pjiyKTyau;HOHHOH cocTaBJiJiioineH 
AT. IlycTb cnyTHHK flBHacexca paBHOMepHo no KpyroBofi nojrapHoii opÖHTe. 06o- 

3HaHHM OyiJ/22/3 " OCH OpÖHTaJIBHOH CHCTeMBI KOOpflHHaT. 
MarHHTHBIH  MOMeHT  M°,  C03flaBaeMBIH paMKofi C TOKOM,  npeflCTaBHM B BHfle 

Ma = M° * u, r^e u = {1,0, -1} - ynpaBJieHHe. 
0603HaHHM Ox - OCH CHCTeMBI KOOpflHHaT, CBS3aHHOH C TJiaBHBIMH OCHMH HHep- 

HHH cnyTHHKa. IIoBopoT CHCTeMM Ox OTHOCHTCHBHO opÖHTaJiBHOH Oy 3afla,a;HM 
yrjioM a. CncTeMa Oz CBjraana c npnÖopHbiM TpexpaHHHKOM cnyTHHKa. OHa noBep- 
HyTa OTHOCHTejiBHO Ox Ha yrcn 80 + 8, rp,e 80 - pacneTHoe 3HaneHHe yrjia noBopoTa, 

a 5 - norpeniHocTB peaJiH3an,HH npnöopHOH CHCTCMBI. 

YpaBHeHHe TaHraasHBix KOJieöaHHÄ cnyTHHKa MOäHO 3anncaTB B BH#e 

Ba + 3u2
0{A - C)a = Ma + Mb + AM? 

3flecB A,B,C - MOMeHTBi HHepHHH cnyTHHKa, MaMb- ynpaBJTHioiHHH H B03My- 
maroinHH MarHHTHbie MOMCHTBI, AM^- B03Myni;aioiHHe MOMCHTBI CTOPOHHHX CHJI. 

IlycTb ATy — (Äi,0,Ä3) npoeKHHH B03MyiHeHHH HanpaaceHHOcTH MarHHTHoro 
nojra 3eMJiH Ha OCH Oy. 06o3HaiHM la — (n!,0,n3)- npoeKHHH MarHHTHoro MO- 

MeHTa Ha OCH caasaHHOH CHCTCMBI OX, BBiSBaHHoro coöcTBeHHOH HaMarHHneHHo- 
CTBK) cnyTHHKa. By^eM CHHTat, MTO Ha cnyTHHKe ycTaHOBJieHa oflHa paMKa c TO- 

KOM, MarHHTHBIH MOMeHT KOTOpOH OpHeHTHpOBaH no OCH Z3.   Torfla ynpaBJLaiOIHHH 
MOMeHT paBeH 

Ma = 0.5M°u [2/ioAi cos(a + 80 + 8) - 2fi0A3 sm(a + 80 + 8) + 

+ B0(3 sin(a + 80 + 5 - r) + sin(a + S0 + 8 + r))],    (14) 

r,zi;e B0 = noHo/rl, H0- MarHHTHBIH MOMCHT flHnojM 3eMJiH, no — KoscJxpHHHeHT 
MarHHTHOH npoHHHaeMOCTH, r0 — pa^nyc opÖHTBi cnyTHHKa. 

Bo3Mym;aK>HiiHH MOMCHT paBeH 

Mb = ß0Af^[<73(Ai + a(-A3 + 2COST) - sinr) + 

+ <ri(-A3 + 2 cos r + a(-Ai + sin r))] 

C TOHHOCTBIO flO JIHHeHHBIX HJICHOB nO a ypaBHeHHU KOJie6aHHH B 6e3pa3MepHOM 
BHfle cjieflyionpie: 

ä + (b2 - hocri — boao-^OL = w[60o + &io^] + o"i^3i + 0"3&4i + 

+ qi + Ai[u(&7o'W + bn(8 H- a)) + 640^3] + 

+ A3[u(b70u + bn(S + a)) + b40a3],    (15) 

r,n;e 6e3pa3MepHBie nepeMeHHBie r = LOQ * t, Mo =    2B°, A,- = i%-L, <*i = — u%B  ' iJt _    Bo   ' "J ~ M°' a 

u2       A-C AM€ 
b2 = 3——    qx = -£-f    610 = 1    630 = -Mo    640 = Mo 

B BUQ 

3 3 1 
600 = M0(- sin(50 - r) + sin(^0 + r))    b20 = M0(- cos(80 - r) + - cos(^0 + T)) 

B.AjieKcaHflpoB 



b50 = Mo sin T    bm = 2M0 cos r    670 = M0 cos ^0    ^so = -M0 sin <S0 

fe3i = 2M0 cos r    64i = -M0 sin r    671 = -M0 sin <J0    6s 1 = Af0 cos <S0 

^jur MeKCHKaHCKoro cnyTHHKa "Satex" Ha opön-re r0 = 700 KM. napaMeTpti M0 = 

1.519, b2 = 2.936, M° = 4 A-M
2
. 

06o3HaHHM   V\   ==   5,   Wi   -—   <Ti,   U>2   =   ^3,   93   =   <7lA3,   94   =   03 Ai,   95   =   O^l, 
g6 = a<r3, g7 = wAi, ^8 = «A3, 92 = ua, y = {a,a), v = vi, w ■= (w1,w2), 

q = (?1, 92, 93, 94, 95, 96, 97,9s)- 
C TOHHOCTBK) flo uaA,-, «5Aj,a(T,Aj, ypaBHeHne (15) MOSCHO nepenncaTb B BH^e 

y = A(% + 5(t,*>)« + C(*)"> + D(t)q (16) 

rfle 
i  A     „, x    (     o     \     „    (o   o 

31  &41 
A=i-b2oh  B{v)="[b00 + b20vh  c=\b31b. 

D 
00000000 

^10 ^20 &30  ^40 ^50 ^60 &70 &80, 

ByfleM HHTaTB, HTO HeTOHHOcTt. peajiH3aE[HH npnöopHoro TpexrpaHHHKa v £ V 
npHHaflJieacHT H3BecTHOMy OTpe3icy, a KOMnoHeHTbi BeKTopa w(t) — npoH3BOJii.Ht.ie 
(pyHKHHH BpeMeHH, H3BecTHfcie c TOHHocTbio flo MHoacecTBa w(t) € W.   KoMno- 
HeHTbl BCKTOpa 9 CHHTaeM He3aBHCHMBIMH 6eJIbIMH UiyMaMH C flHCnepCHeHMH Q{. 

Ha nepBOM 3Tane TecTHpoBaHHa sa^any (12) noncKa OTJiHHHoro pe3yjibTaTa 
6y^eM peniaTb MeTOflOM nocjieflOBaTejibH&ix npHÖJiHaceHHH. /1,JLJI npocTOTbi 6yfleM 
CHHTaTt, HTO HaM H3BecTHa nojiHaa HH<popManHJi o BeKTope COCTOAHKH y. IIpH 
3aflaHHux v pemeHHe BHyTpeHHen sa/jann Ha MHHHMyM no K(v) Haxo#HM H3 ypaB- 

HeHHH PHKKaTH (13). 
HaHxyflmne B03MymeHHJi w°(t) nojiynaeM H3 peuieHna JiHHeÄHOH 3a,zi;aHH c KBa- 

ApaTHHHbiM KpHTepneM KanecTBa 

fiy = (A + BK(v))ny + Cw(t) 

J°(v,w) = J00(v) + fiMFoiiyih) + /    (fiNfiy + ^KR0K
THy)dt ->■ maxweW 

Jo (17) 

rfle 

J°°(v) = Tr[£(0)Po + f\cQ + £BRö1BTCP)dt], 
Jo 

nacTb (pyHKHHOHajra KanecTBa, He saBHcamaa OT w(t). 
Ha pHC 2 noKasaHa 3aBHCHMOcTb KpHTepna KanecTBa J°(v,w°) OT V npn cjie- 

ßyiOIUHX HCXOflHMX flaHHHX 

<i = 12, 0(1,1) = 0.1, Q(2,2) = 0.5, «Jo = 0.7, K(<)| < 0.1, W)|0.1, 

*-i.«-(S:)."-(i!).A-(i!). 

B. AjieKcaHflpoB 



TO 24 

22 

20 

^ i 

/ ;     \ 

._."! ]  
 N  

L ...JX- 

  

j     j\ * 

PHC.2. 

OB 

0 4 

0.2 

D 

-0.2 

■04 

-0.6 

-0.8 

-1 

■ 1.2 

Y!\ 

XL 

t 
._v; 

1/ iPfy 
>*=i 
/ V^1 <JA 

w v 

PHC.3 

Hanxy/j;mee BOSMymeHHe v° = —0.7 cooTBeTCTByeT TaKOMy pacnojio>KeHHio paMKH 
c TOKOM, HTO ee MarHHTHHH MOMeHT HanpaBJieH no OCH x3. Kai< cjie^yeT H3 pnc. 2, 
pa3MemeHHe paMKH nepneH/jHKyjrapHo x3 BbiroflHee c TO*IKH 3peHHH TOHHOCTH cTa- 

6HJiH3anHH TaHraaxHHx KOJieGaHHH. 
Ha pHC.3 noKa3aH BKfl HaHxy#niero B03MyineHH>i w°(t) fljia onTHManbHoro v — 

—0.7 H noBe/jeHue MaTeMaTH^ecKHX oxHflaHHH yrjia noBopoTa cnyTHHKa \iy\ H ero 

yrJIOBOH CKOpOCTH fly2- 
Ha BTopoM 3Tane TecTHpoBaHHfl 6BIJIH npoBe^eHbi cTaTHCTHHecKHe HcnbiTaHKH 

ajiropnTMa CTa6HJiH3anHH KOJieöaHHH ur = — sign[(60o + b12v)a], paccMaTpHBae- 
Moro B pa6oTe [3]. Ha pnc. 4 npeflc/raBJieHa 3aBHCHMOCTb Bbi6opoHHoro cpe^Hero 
3HaneHHa KpnTepiia Ka^ecTBa (9) H ero TepMHHaJibHOH nacra cooTBeTCTByioinHX 
ynpaBJieHHio ur OT KOJinnecTBa HcnbiTaHHH k. 

/],onojiHHTejibHO 6biJin npoBefleHH H HcnbiTanHS aJiropHTMa ynpaBJieHHH u° = 
K(v°)y, nojiyneHHoro Ha nepBOM 3Tane npn noncKe oTJiiiHHoro pe3yjibTaTa. 

j% 
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PHC.5 

Ha pHC. 5 npeflcTaB.aeHM 3aBHCHMOCTH OT BpeMeira 3JieMeHTOB MaTpnu; KOBapH- 
anHH BeKTopa COCTOSHIIH npn onTHMajibHOM ynpaBJieHHH p?- (ciuioniHbie JIHHHH) H 

TecTHpyeMOM ynpaBJieHHH pr- (npepbiBHCTbie JIHHHH). 

B TaöjiHue 1 noKa3aHbi pe3yjibTaTbt ncnbiTaHHH: Bbi6opoHHbie cpe^HHe mj, BH- 

öopoHHbie flHcnepcHH Oj H cooTBeTCByromHe HM flOBepHTeJibHbie HHTepBajibi Im,Ia 

(c flOBepHTeJibHofi BepoflTHOCTbio pa — 0.95 ) flJifl OTJiHHHoro pe3yjibTaTa JQ Kpn- 
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Tepus (9), cooTBeTCByiomero ynpasjieHHio u° H pe3yjn>Taxa Jr°, cooTBeTCByiomero 
TecTHpyeMOMy ynpziBJieHHio ur. 

J mj &J Im (0.05) h (0.05) 

J°o 19.8 1.037 19.63-20.01 0.92-1.188 

J? 29.84 2.05 29.47-30.21 1.82-2.348 

4 0.357 0.092 0.340-0.374 0.85-1.102 

<n 3.27 0.96 3.09-3.44 0.85-1.102 

IIocjieflHHe flBe CTPOHKH Ta6jiHu;:bi — aHajiorHHHbie 3HaneHHfl RAX TepMHHaiibHOH 

nacTH (pyHKu;HOHajia (9). 
AßTopbi BbipaacaioT ojiaro^apHocrt PoccHHCKOMy <p°H#y <pyH#aMeHTajii>HMx 

HCJie^oBaHHH 3a (pHsaHcoByio noflflepacKy paöoTbi (rpaHTH # 97-01-00910, # 98- 

01-00355). 
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Magnetic orientation systems for small satellites and software 
for testing their quality. 

V.V. Alexandrovf, M.Ju. OvchinnikovJ, S.A. MirerJ, D.I. Bugrovf, S.S. Lemakf, A. 
Nevidomskyf 

f M. V. Lomonosov Moscow State University 
£ M.V. Keldysh Applied Mathematics Institute, RAS 

For orientation of small satellites there are many orientation systems used today whose 
sensors or executive systems use geomagnetic field. Providing orientation precision from 
one to few degrees, such systems have apparent advantages that make them especially 
attractive for small satellites: low cost, high reliability, low weight, and simplicity in 
manufacturing. 
Beside synthesis of control algorithms, the stage of system development includes also 
quality testing - using stands is one of possible ways. Along with mechanical stands it is 
practical to use computer ones to simplify and cheapen the development process 
considerably. In the paper we describe control algorithms and testing system, 
implemented as software package, for computer modeling, verification, and operating 
quality testing of orientation system of small satellites. The package allows to prove the 
quality of chosen control algorithms and to gauge the effect of errors in satellite's phase 
vector estimation because of external perturbations and errors in orientation sensors and 
in control circuit. 



Majiora6apHTm>ie HHipopMaipioHHMe CHCTCMM 
na oeHOBe 

TBepAOxeja.in.ix BOJioKOHHO-onTHHecKHx rHpocKonos 

A.IIecTyHOB,C.CHfl;opoB 
UHHHMani 

141070,r. KoponeB, MocKOBracaa o6jiacib, 
yji. IlHOHcpGxax,4 

OaKc: (095) 513 4959 

B cxaibe npHBOASTCH pe3yjibxaibi pa3pa6oxKH, H3roxoBJieHHH H HcnuTaHHH 6a- 
30BOH MHHHaTiopHofi 6ecn:ixax(f>opMeHHoii HHepijHajibHOH cucreMU MBHHC-98 H ,a;aei- 
CS aHaJIH3 B03MOMCHOCXH C033HHHH Ma Siofi OCHOBe HOBOrO CCMeHCTBa HHepUHaJIbHUX 
npHGopOB H HH(pOpMSlUHOHHtIX CBCXeM, n03BOJIHK»mHX CyU^eCTBeHHO HSMCHHIfe noflxo- 
Au K KOHCTpyHpoBaHHK) KocsnroecKMx annapaTOB H, B nepByro oMepeflb, Mtajiora6apHX- 
HMX. 

AaHHue npaöopu Haxogaxca B pflyry coBpeMeHHbix pa3pa6oxoK xana LN-200, 
Honeywell 1305, SystronDoimerM-IMU.! 

OCHOBOH HOBoro noKOJieHHH HHepqaaJibHux npH6opoB SBJIHK>TCH BOJIOKOHHO- 

onxBiecacHe rHpocKonu(BOr), Koxopue aaxopaniH paccMaxpHBaioxca KaK npaGopu 
6yjryiaero inapoKoro npHMeHCHHa, cnoco6HHe peuraxb B 6jiH»caHmeH nepcneKXHBe 
ocHOBHue sa^aya HHepuHajn.HOH' opHeHxaqHH, HaBHrauHH H HaseReHHH .jpta 6oJib- 
uiHHCXBa JiexaxejibHbix annapaxoB (KaK 3io 6brao B CBoe speMH, nanpHMep, c JiasepHH- 
MH rnpocKonaMH). 

3xox BUBOA ocHOBbiBaeTca Ha3HiaiHiejibHwxycnexax, flocxnrHyibix B co3#aHHH 
BOr B GojiboioM HHcsie parmHXbix cxpaH MHpa, xaKHX KBK CIIIA, TepMaHHa, JIHOHHH, 

POCCHH, KHiafi H flp. Bonee xoro, B jiaSopaxopHwx ycnoBHjarx «ocxarHyi ypoBeHb IOH- 
HOCXH, XapaKTepHblH flJIH BblCOKOXOIHblX HHepUjHaJIbHblX CHCleM,2 

QnHaKO, B Hacxoaiqee Bpeiwa Haaöojiee 3<p<peKXHBHO HcnoHbsosaxb BOr npn 
co3fl;aHHH Majiora6apHXHbix 6ecnjiax<popMeHHbix HHepUHanbHux cacxeM, Sjiaroaapji 
npHcymeMy XOJIMCO aioiay rapocKony caoficiBy aflaniauMH K xpeöyeMOH reoMeipan 
BBHfly npaxxaqecKOH He3aBHCHMocxH IOIHOCIHUX napaMexpoB rapocKona ox (popMbi 
cro ^yBCiBHxejibHoro aKCMeHxa - OHXOBOJIOKOHHOH KaxyuiKH (HCXOOH IOJIMKO H3 xex- 
HOJiorHieracoro yao6ciBa, KaK npaBHJio, KaxyniKa BbinojiHaexca B BH«e Kpyra). 

IlpHMeHHTCJibHO K Hcnojib30BaHHK> BHHC Ha KocMHiecKHx annapaxax (KA) 
cymecTBeHHoe 3Haqenae anieex ypoaeab 3Hepronoxpe6jieiiHH H ero 3aBHCBMOcxb ox 
peacHMOB nojiexa. B SIOM nnaHe BOF xaiOKe HMeex npeHMymecxBa nepea ^cpyrHMH IH- 

naMH rapocKonoB, iax KaK 3Hepronoxpe6jieHHe Ha o#ny H3MepHxenbHyio ocb, KaK npa- 
BHJio, He npesbimaex l-s-2 Bx H npaKTHiecKH ne 3aBHCHX ox pexcHMOB pa6oxu. 

noÄpa3aejieHHCM 3200 "BeciiuraxtpopMeaHbie HHepHHajibHbie HaBHrauHOHHbie 
CHCxeMbi" I^HHHManiHHocrpoeHHsi, Hsmmmn c 1993r. 6ujia Haiaia nporpaMua 
BHHC-2000, ocHOBHbie 3xanbi Koxopon noKa3aHbi Ha pad. 

IlepBbiH AeMOHCxpauiHOHHO- oHeHoiHbifi 3ian yaajiocb npoaxa aocxaxoiHO 6bi- 
cxpo ÖJiaroaapa y«e HMeiouxeiMycfi K sxoiiy BpeiwcHH Hay^HO- xexHHHecKOMy 3a«ejiy, 
ixo H03BOJIHJIO B KOpoiKHe qpoKH HsroxoBHXb fleMOHCTpaqHOHHO- oxjiafloiHUH Maxex 
BHHC-,50-2, KoxopbiH , c OAHOH cxopoabi, noaxBepftHJi BOSMOHCHOCXB coaaaHHH Majio- 
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ra6apaiHoa BHHC (wracca ~ 1 Kr, 3HepronoTpe6jieHae < 15 Bi), a c ^pyroä BUäBHJI 

OCHOBHHC npo6neMbi, Koxopuie Heo6xo#HMO 6wno peinHTib  B laoia noBunieHHa ioq- 
HOCTH, BpeMeHH TOTOBHOCTH KI CHHHCeHHH 3HCpronOTpe6lICHHH. Heo6xO«HMO OIMeiHIb, 
qTO 3TOT npH6op ycneuiHO (pyHKUHOHHpyex a no ceroÄHaraHHÖ «eah, npKa3biBaa xopo- 
uryK) HaflcaoHocib Hcnonb3yeMbix HOBHX xexHOJioraH. 

Ha BTopoM 3Tane pemiamacb yace HenocpeACXBeiiHo HHHceHepHo- npoH3Bo;n- 
ciBeHHHe BonpocH co3«aHHH 6a30Boro o6pa3«a BHHC, lexHHqecKHc xapaKTepHCTHKH 
KOTOpoä ynoBJieiBopHHH 6u, B ^acxHOCTH, noTpe6HOCxn   Hapott^aKHüoerocH pwinca 
HaJiora6apHTHwx KOCMHICCKHX annapaxoa. 
CxpyKrypHaa cxenia MBHHC -98 npHBewsia Ha pac.2 

npH6op COCIOHX H3 TpCX BOr H ipeX MaHIHHKOBHX KBapUeBMX aKCGHCpOMeipOB 
(MKA). C uejibio yaenieaneHHH paspaöoxKH B qaciH BOF Bbi6paHH xexHHqecacae pe- 
meHiw, Hcaoiso'iaroui.He npHMeHCHHC aoporocioamax KOMroicKxyiomHX, xaKax, Hanpa- 
Mep, KaK HHierpanBHO - onia^ecKae Moayjiaxop, nojispH3aiop H np.3 

K xexHHiecKHM ocoöeHHociaiM nocxpoeHH» npHMCHHCMMx BOr OXHOCHICH: 

-pa30MKHyxaa exena rapocKona ( 6e3 o6paiHofi CBSöH); 

-ueicbHOBonoKOHHaa cxeMa nocxpoeHHH c 6c3CBapHoa xexHOJioraeä H3roxoBJie- 
HHH onxaqecKOH «lacxa BOr; 

-pe30HaHCHWH poKHM paßoiibi m,e30KepaMHiecKoro <pa3osoro Monyjiaxopa. 
XOIH pasoMKHyxaa cxeaia BOF yenoacHaex «ocxaaceHHe öonbiuoro «Hana30Ha 

B3MepeHHB yrjioBOH racopocxH npa o«HOBpeMeHHOM o6eeneqeHHH BMCOKOB cxaÖHJib- 
HociH MacuixaÖHoro K03<]>4>HnHeHTa, HcnuxaHHfl noKasußarox, ixo Bnojrae pe&niwyeM 
Haana30H B3McpcHHa 20-s-200°/c npH norpenmocTH MacmiaÖHoro K03<p4»mHeHxa Ha 
ypoBHe 0,01*0,1%, qio, no-BHSHMOMy, Hocxaio^HO jxw npHHeHeHHH H.aHHOÄ cxeMH 
BOr Ha 6ojibniHHCiBe KA. 

Hxo Kacaexai aKcenepoMexpoB, xo B MEHHC-98 npHMeHeHU uiapoKO acnom,- 
3ycMHc Ha npaxiHKC MKA, HMeroiHHC awcoKyio cxaGmibMocib no HyneBOMy cwrnany H 

Macinia6HOMy K03(p<pHnaeHxy H ICM caMMM o6ecneiHBaK>m.He onpe#eiteHHbiö pe3epB 
no loiHocxH. C noiMO npHaaHHH Bcea KOHCipyKHHH MBHHC-98 MaKCHMajibHoa KOM- 

naKXHOCTH xpH aKceaiepOMeipa BMCCIC c sneicipoHHbiMH 6noKaMH (3E) (aHanoroauMH 
MHKpocöopKaMH) o5beAHHeHH B MOHO6JIOK cyHMapHOH Maccoä ~ iOOr, mo oaHOBpe- 
ueHHO yjryiniHJio xenJiooTBO« H ynpocxHJio pa3Mem.eHHe axceaepoMexpoB sayipH 
npH6opa. 9neKipoHHbie 6JIOKH BOr BbinoaraeHbi Ha HaBecHWx 33ie*ieHxax BMCOKOH 

CTcncHH HHTCpranHH a pa3McmcHW B cneuHaJibHbix HHinax. AHanoroBbie cHrHsuiw 
(panbipyioica <pHJibipaMH HMSKOM qadoiu (100 m no KaaanaM rapocaconoB a 50 rq no 
KananaM aKcencpoMCipoB) H «suiec oHH^posbiBaroxca nnaxoa aHajioro- qa<J)poBoro 
npeo6pa3oaaHHH (AUn). 

Ha ncpBOH (pa3e pa3pa6oxKH Hcnojib30Baaca 14-pa3pa«Hbia AIj;n c 6HCipoflea- 
cxBy»mHM aHanoroBUM MyjibxanjiexcopoM. B «aJibHefimeM, wia acaano^eHiw BOSMOJK- 

Hbix KHHeMaiH^ecaKHX norpeniHOCTeH npH BMiHcneHHH napawieTpoB yraoBoa opaeHxa- 
nHH H3-3a 3ana3HWBaHHH B nociynneHHH HH^opmanHH no pa33iaqHbiM KaHanaM BBH#y 
34)(peKia MyjibXHnneKCHpoBaHHH, 6bi3i npHMeHeH MCIOH. napamiejibHoro BBOfla HH4>op- 
HauHH & AHn. 06pa6oiKa »:H4»opMa^HH npoBo^Hica B nnaxe c^e^BbI'^H(aIHIe^H (CB), 
co6paHHoro Ha ocnoBe na^poBoro cHrnajibHoro nponeccopa (H|Cn) iHna 1867BM2 
(TMS320G25). 
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nporpaMMHoe o6ecneieHHe cneHBbiiHcaiHxejia no3Bonaex pemaib oie;ayioin,He 
3aaaMH: 

-OnpOC ßaXHHKOB HHtpOpMaH,HH H CfliHTUBaHHe B CB; 
-yxier cHCTeiwaxfiraecKHX norpemnocieM rnpoaconoB n aKceneposierpoB, BKJIK>- 

iaa BBO# xeMnepaxypHbix nonpaBOK no xepMo;o;axqHKy; 
-jiHHcapH3auHio noKa3anHH rapocaconoB; 
-onpe;n;eneHHe npHpameHHä yraa H npapaineHHä KaHcyiqeäca cacopociH B cBS3aH- 

HOH cHcrewtc KOOpaHHai; 
-BWHHcneHHe ataxpHnu aanpaBJiaioiaHX KOCHHycoB; 
-BHHHC3ICHHC EpHpaillCHHH KaJKymeHCH CKOpOClH B HHCpUHaJIbHOH CHCXeMe 
KOOpflHHaT. 

BHXOSHOH HHTep4)efic (H<P) B 3EBHCHMOCTH OT Tpe6oBaHHH, npeffbHBJiHeMbix 
HOTpeÖHTeneM, (popMHpyexca JIH6O no noaienoBaienfaHOMy nopxy nponeccopa, JIH6O B 

BHfle RS-232, HJIH RS422/485. 
HanHiHe B cociaBe CB nepenporpaMMHpyeMofi nawiaxH THna EEPROM no3Bo- 

iraex onepaiHBHo H3neHHXb KOHCiaHTW CHCieMaiHiecKHX norpenraocxeH nooie npo- 
BefleHHH oiepeaHwx KaUHÖpOBOK. 

KaK coienyex K3 pHC.2 MBHHC-98 BMnoaraeHa B BH^e MOHo6jioKa, BKHK- 

laioiqero B CBOH* cocxaB HJMepHieaiH, nacppoBbie H aHanoroBue aneKipOHHbie 6JIOKH H 

BxopHiHHH HCIO*IHHK mraaHiu (BHII), o6ecneiHBax>mHH npeo6pa30BaHHe HeperyjiH- 
pyeMoro HanpsaceHH» nocioaHHoro xoKa27B B cxa6H:nH3HpoBaHHoe aanpa>KeHHe±15B 

H±5B. 
TaKofi noaxo« K KoainoHOBKe npe»ocxaaiiHei apnonHHiejibHoe yao6ciBo noxpe- 

6HTCJIIO, MHHHMH3HpyH KOJIH^CCTBO CBH3CH C npHÖOpOM (yiHTHBaH laWKe nocaieaoBa- 
TenbHuä HHTep<peHc). 

Pe3ynbxaTW HcnwxaHHi paaa o6pa3HOB npa6opoB npH&eaeHbi Hapae. 3,4 H 5. 
KaK ciKyryei «3 HHX BpeMH Bbixo^a Ha io«mociHyio roxoBHOcib He npeBbiuiaex 2-5-3 cex, 
ppdkfy   <1 °Aiac, cia6HJibHocxfa Macmxa6Horo K03<pt|)HH,HeHia no KaHany rnpocKona 
<0,1%, a no KaHany aKcenepoMeipa <0,01% nym» aKcenepoiieipa xaKHte Haxo^Hica Ha 
ypoBHe<0,01%-g. 

fljiHxeaibHUH onm aKcnnyaxaqHH BOr (~5 nei) noKasan aucoKy» HaaoKHoexb 
pa6om, npaKXHsecKoe oxcyiciBHe orpaHH^eHHfi KaK no incary BKUKmeHHfi, xaK H Ha 
BpeMH MCHCny COCenHHMH BJOIBO'meHHHMH. 

H10 Kacaexcfl pecypca paöoibi , xo no pe3ynbxaxaM wiHxenbHux HcnuxaHnfi H 

npeasapHieanbHiax oueHOK AOCTIDKCHHC cro Ha ypoBHe 500*100 xwc.iac (Bianoiaa He- 
npepuBHyio pa6oxy) He HBJIHCXCH npoömeMHbiM BonpocoM. 

KoMnoHOBKa MBHHC-98 xaKOBa, 110 cpe«HHH aaaaiexp rapocaconoB npeBU- 
uiaex 80 MM H 3io no3BOJtaex B nepcneKXHBe o6ecne"iHib 3BOjnonHOHHoe ynyinieHHe 
xoiHociH 6e3 H3MeHCHHH ra6apHXHO- MaccoBbix xapaKie])HciHK & OCHOBHOM 3a c*iei 
yjiyqmeHHH onxHiectcofi qacxa BOF H BHtyrpeHHH 6ojiee coBepraeHHbix aaeKXpoHHHX 
no^cHcxeM. 

Hcxona H3 xpHxepHH cxoHMOCib/34«J)eKTHBHOCTI» pa3JiHiHMM noxpe6HxejiHM 
Moryx noxpe6oBaibCM pa3.nHsiHbie KOMniieKiaqHH HHepBjHanbHbix npn6opoB JIH6O wra 
pemeHHH CJIOJKHMX 3a«a<i c o6ecne^ieHHeM MaKCHSianbHOH oiKa3oycioHiHBOcxH, JIH6O 
aao6opox «na npocrefiuiHX aa^ai xaKHX KaK KOHiponb, xeneMexpHH, cia6HHH3anHH, 
pe3cpBHbie noflCHCieMbi H «p. 
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PHC.3   rpa<pm<  nepexo^Horo npoi^cea Kaiaajia A^C BHHC-98 
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HpeHcJ) (yrci.MHH/MHH) 

5 

5 10 15 

l 

BpeMfl   ( MHH ) 

Ora6MJifcHOCTfc flpeii<i>a (speMa ocpeflHeHHH lOceK. ) 0.757 ynn.MHH/MHH 

OricnoHeHHe Macurra6Horo M03<JxJ)Hi4HeHTa (%) 

lo 

av 
14    0 

-0.2 

-0.4- 

14 

HOMep peajiH3ai4HH 

CTa6HJibHOCTfc MacuiTa6Horo Koa|)<J>HiAMeHTa 0.0881%  1c 

PHC.4   PejyjifcTaTH TQIHOCTHHX HcnuiaHHH KaHajia ßYC 
BHHC-98 B3anycKe 
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norpeujHocTi. CMemeHPia Hyna ( %OT g ) 

0.02 

o.oi 

bs   ak., il      o 

-o.oi 

-0.02 

HOMep peanHsauHH 

CTa6HnbHocTb norpeuiHocTH CMemeHHH Hyn«  0.0053% Iff 

OncnoHeHHe Macurra6Hono ioo344):"LlHeHTa ( % ) 

o.oi 

HOMep peanraauHH 

CTa6HnbHOCTb MacuiTa6Horo KOSt^nuHeHTa 0.00288%   la 

PHC. 5 Pe3yjibTaTM TOHHOCTHHX HcnuxauHH jcaHaxa 
aKcenepoMerpoB    BHHC-98 B sanycice 
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B CBH3H C3THM Ha 6a3e MBHHC-98 pa3pa6oiaHo Hosoe ceMeficTBo npüßopoB, K 

KOTOpUM OTHOCHTCH: 

-BweoKOHaaesKHaH (2 OTKa3a) CHCTeMa BBHHC-2000; 
-6HOK fflax^HKOB yraoBiax yacopeHHH E^yC-99; 
-6310K JKCCTKO ycraHOBJieHHMX aKccaiepOMCxpoB 3KAKC-99. 

OcHOBHue TexHHiea:<He xapaxiepwrraxH «amioro cemeHCTBa npHBeaeHW B ia6jnmel. 

Ta6mma i. 

OCHOBHUe xapaKTepHCTHKH npHÖOpOB 

MEHHC 

UpHOop 

98 

;B^yC-99 

DKÄKG-99 

BEHHC-2000 

3 jrHpöcKpnä, 
3iaic 
eB,;BHII:;; 

CocaraB 

aKccnepoMexpa 

3 riipöcftönä 
GB.iHn;;; 

GB-B;Kii;ii 

6 rapäcKokioBi 
£ aKctarepoMerp, 
2GB,;2BMII:; 

Macca: 
:Kf 

<;o;.8 

£0-5 

£0.25 

:£ 

SHepro 
ftPtpdS 
ijieHHe: 

27B-fii öt 

<;& 

<I6 

S3 

^20 

l:o«Hocirt 

l-ÜÖP/sae 

ff.O* 

0;O1 

0,05 

oo;iö/c: 

0.001 »/« 

l<?/<aac 

jHaüajia 
ribciaBOK 

1998 

1999 

K OTJIHTOTeJIfaHHM npH3HaKaM HX OTHOCHTCH: 
-npHMeHeHHeHaT«iHKOB, iwroTOBJieHHHx no TBepÄoraibHOH BOHOKOHHO- 

onTHiecKOH H KBapqeisoH TexKOJiorHit; 
-pecypc cEume 10   me. qacoB c aoBefleHHCM B HCOGXOHHMHX cnyiaax «o 
50-flOO me. Tiacoa; 
-4tyHKqHOHaju.HaH H ToiHOCTHaji TOTOBHOCTI. - esHHHuu ceKyHs; 
-3BcwiK>UHOHHoe yjiyHuicHHe T01HOCTH 6e3 ft3MCHeHHH TMX, 3Hepronoipe6jie 
HHH H ijeHu; 
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-HeorpaHHieHHoe *MCHO BKJUoqeHHH 6e3 orpamraeHHH BpeiweHH Meac^y 
COCe^HHMH BKinO'ieHHHMH; 
-npajciHiecKH nocxoHHHoe 3HCpronoTpe6ireHHe BO Bcex pexcHMax paGoiu; 
-3aKOH»ieHHOcTi> irpHÖopa, BKJiroiaiomero B CBOH cocxas naxiHKH, ajieKipoHHHe 

6noKH, cnenBuiHciuixexi,, H BxopHiHue HCXOMHHKH nnxaHHH c 6asoBUM HHxeptpeHCOM 
RS-232. 
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MINIATURE   INERTIAL  MEASURING SYSTEM 
WITH  FIBER OPTIC GYRO 

A.Pestunov, S. Sidoirov 
TsNIIMash RSA 

141.070 City of Korolev, Moscow Region 
Pionerskaya Street, 4 

Abstract Ä 

In this paper there are presented results of family miniature inertial 
mtasuring system  development for dynamic vehicle applications, including different 
types of satellites. 

Basis system for wide range applications is the strapdown inertial system 
MBINS-98,  having the mass less than 1 kg, power consumption - less than 10 Bt. 

Presented results of test data of maket unit and considered different ways of 
further performance improvement for this family systems . 

Besides presented brief comparison of this instruments with famous goreign 
analogs. 



nepcneKTHBM MHimaTiopioamiH rapocKonirqecKHX npn6opoB fljra 
KOCMBraeCKOH TeXHHKH 

B.M. AHHJibflHeB, B.H. Apocpa 
HHHHMam 

141070^ r.KopojieB , MocKOBCKaa o6jiacn> 
yji. riHOHepcKaa, 4 

B HacToamee BpeMH B QTeiecTBeHHbix H3flejraax PKT Hanoojibiiiee 
pacnpocTpaHeHHe nojiyqajra nomiaBKOBbie rapo6jioKH (IirB), KOTopbie 
xapaicrepH3yioTCH BMCOKOH TOHHOCTMO H 3HaHHTejibHbiM pecypcoM pa6oTbi. 
OflHaKO, flaHHbie rapoojioKH HBJTHIOTC5I Han6ojiee ÄoporocTominiMH    no 
CpaBHeHHK) C flpyTHMH THnaMH HyBCTBHTejIbHblX 3JieMeHTOB. 

BwcoKaa CTOHMOCTb nrB oÖycjioBjxeHa KaK 6ojibmoH TpynpeMKocTbio 
HX      H3rOTOBJieHH»,      TaK      H      HCnOJIb30BaHHeM      B      HHX      B      KaHeCTBe 
KOHCTpyKHHOHHoro MaTepnajia floporocToamero H TOKCirmoro npH 
oöpaöoTKe öepmuina. 3TO npHBejio K TOMy, *rro C KOHua 70-x roflOB B 

3apy6exHbix HHC HOBOH pa3pa6oTKH nrB He Hcno.nb3yK>TCJL 
KpoMe Toro, Haxo^anniecji B SKcraiyaTauHH OTenecTBeHHbie 

6ecroiaT(popMeHHbie HHepuHajibHbie ÖJIOKH, nocTpoeHHbie Ha ocHOBe nrB, 
HMeioT 3HaHHTejibHyio Maccy H 3HepronoTpe6jieHHe (10,7 KT H 43,3 BT 

cooTBeTCTBeHHo Ha oflHy H3MepHTejibHyio ocb). B HacToamee BpeMH nepe^ 
pa3pa6oTqHKaMH CTOHT sa^a^ia 3HaHHTejibHoro ynyniieHHH SHeproMaccoBbix 
xapaicrepHCTHK 6ecroiaTcpopMeHHbix 6JIOKOB Ha ocHOBe nrB: 2,5 KTH 15 BT 

Ha o^Hy H3MepHTejibHyio ocb. 
flHHaMEraecKH HacTpaHBaeMbie rHpocKonw (AHr) B Hacroumee BpeMH 

HBJMIOTCH      HaHÖOJiee      MaCCOBWMH      HyBCTBHTejIbHHMH      SJieMeHTaMH      B 
3apy6e)KHbix HaBHrauHOHHbix CHCTeMax caMbix pa3jiHraHbix H3flejiHH 
paKeTHoii TexHHiai. 3TO o6ycjioBJieHo TeM, HTO 3apy6e>KHbie AHr HMeioT 
TOHHocTb 0,003^0,007 rpa^/Hac, 6jiH3Kyio K TOHHOCTH nrB, HO HMeioT 
jiyqiHHe     sHeproMaccoBtie     xapaicrepHCTHKH,     a     niaBHoe-     MeHbiuyio 
CTOHMOCTb. npH 3TOM RHT, B OTJIHHHe OT nrB, ÄBJIfleTCJI TpexcTeneHHbiM 
npHÖopoM, TO ecrb pjin TpexocHoro HHepHHajibHoro H3MepHTejibHoro 6jioKa 
TpeÖyeTCü Tpn nrB HJIH ma AHI\ B pe3yjibTaTe CTOHMOCTB KOMiuieKTa 
HyBCTBHTejibHbix ajieMeHTOB jwn HHepunajibHoro ÖJioKa Ha ocHOBe nrB 
npHMepHo B 2,5 pa3a Bbime, neM ea ocHOBe AHr. 

HaxoflaiHHecji B aKciuiyaTaHHH OTeMecTBeHHbie 6eciuiaT(popMeHHbie 
6JIOKH Ha ocHOBe AHr xapaKTepH3yioTCfl cjie^yioiHHMH 3HeproMaccoBbiMH 
noKa3aTejMMH: 2,5 KT H 18 BT Ha o#Hy H3MepHTejibHyio ocb. npoBO^HMas B 

HaCTOamee   BpeMfl   MOflepHHSaHHH   3THX   SJIOKOB   n03BOJIHT   yBejIIWHTb   HX 
pecypc flo 100 THC nacoB H #OBCCTH SHeproMaccoBbie xapaicrepHCTHKH äO 

ypoBHfl 1 KT H 10 BT Ha o#Hy H3MepHTejibHyio ocb. 3TO äOJOKHO no3BOjiHTb 
3aMeTHo pacuiHpHTb Hcnojib30BaHHe AHr Ha OTenecTBeHHbix H3flejiiMX 
PKT. 

AaJibHefiiHHe nepcneKTHBbi ynyqinemra OCHOBHHX TexmrqecKHX 
xapaicrepHCTHK      6ecroiaTcpopMeHHbix      HHepHHajibHbix      6JIOKOB      JUI% 

KOCMHHeCKOH  TeXHHKH   CBSBaHO   C  HCnOJIb30BaHHeM   THpOCKOnOB   Ha   HOBWX 
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4>H3EraecKHX npHHimnax - jia3epHoro H BOJioKOHHO-oimraecKoro 
rnpocKonoB. Yace c KOHna 80-x roflOB Hanajiocb Hcnojn>30BaHHe jia3epHbix 
rapocKonoB B Ha.BHranHOHHbix cHCTeMax 3apy6e^KHLix H3flejinn paKeTHO- 
KocMHraecKOH TexHHKH H, npe^Kae Bcero, B cncTeMax ynpaBjieHHii paiceT- 
HocHrejiefi ("AejibTa-2", "THTaH-4B", "nerac", "ApnaH-4", "ApnaH-5" n 
flp.). Majiora6apHTHwe jiasepHbie rapocKonw GG-1308 c .njiHHOH cTopoHW 
2 CM (pHpMbi Honeywell ycTaHOBjieHbi Ha KA "Clementina-1". 

BojIOKOHHO-OnTHHeCICHH    FHpOCKOII    (BOr)    no   npHHHHIiy   ÄeÖCTBHH 
6JIH3OK K jia3epHOMy rapocKony, HO 3aMeTHO npeBocxoflHT nocjieflHnn no 
aHeproMaccoBMM xapaKTepHCTHKaM, a caMoe rjiaBHoe - CTOHMOCTB BOr 
npHMepHO B TpH pa3a moce, MeM MexaHHHecKHX rapocKonoB. B CB«3H C 

3THM,   XOTH   TOHHOCTb   BOr   B   HaCTOiffljee   BpeMH   3aMeTHO   HHDKe,   HeM   y 
MexaHiwecKHX rapocKonoB, npaKTHHecKH Bee Be^ymne rapocKonHHecKHe 
CpHpMM  CUIA,  AHrjIHH,   (PpaHUHH,   TepMaHHH  H flllOHHH  Be^yT  UIHpOKHM 
4>poHTOM pa6oTM no coBepmeHCTBOBaHHK) BOr. TLo nporao3aM 
3apy6exHbrx cnennajracTOB, B CKOPOM BpeMeHH BOr 3afiMeT jiH^npyioinee 
nojioxemie     Ha     MHPOBOM    pbiHKe     npoH3BO#CTBa     rnpocKontraecKHX 
HyBCTBHTejIbHblX   SJieMCHTOB    (o6beM   npOH3BOflCTBa   Ha   ypOBHe   fleCHTKOB 
TMCäH niTyK B ron;). 

HneioTca cooomemra o pa3pa6oTKe öecroianpopMeHHoro 
HHepnnajibHoro 6jioKa Ha BOr Maccon 70 r. Hanßojiee MHHnaTtopHLin 
oTeMecTBeHHWH BOr Br 941 HMeeT Maccy 40 r H 3HepronoTpe6jieHne 0,6 
BT. 

B HacTOiimee BpeMJi npaKTEraecKH Bee Be^yinne rapocKoniwecKHe 
(pHpMbi (6onee 20) CIIIA, AHrjinn, OpaHnnn, flnoHnn HHTBHCHBHO BejiyT 
paßoTbi no co3zi;aHHio MHKpoMexaniwecKHX rapocKonoB H aKcejiepoMeTpoB, 
qyBCTBHTejibHbie   sjieMenrbi   KOTOpbix   MOXCHO   paccMOTpeTb   TOjibKO   nofl 
MHKpOCKOnOM  [1   -  4].   MaCCa TaKHX npn6opOB HCHHCJIfleTCU  HeCKOJIbKHMH 
rpaMMaMH^ a 3HepronoTpe6jieHHe- ^OJI^MH Barra. Ha pbiHKe ysce noHBHJicH 
rapocKon Maccon 3,5 r H axcejiepoMeTp Maccon 1,5 r. KOHCHHO, TOHHocTb 
TaKHX npHÖopoB B HacTOflmee BpeMÄ 3HaHHTejibHO ycTynaeT TOHHOCTH 

npHÖopoB, nocTpoeHHbix no Tpa#nnnoHHOH TexHOJiornn, HO HH3Kaa 
cTOHMoeTb H Majibie raÖapHTbi n 3HepronoTpe6jieHHe o6ecnenaT HM B 

ÖynymeM mnpoKiin ,zmana30H npHMeHeHHH, KOTOPBIH 6yn;eT pacniHp^Tbca 
no Mepe noBbinieHna TOHHOCTH STHX npnÖopoB. 

H,n;ea BHÖpannoHHoro rnpocKona 6buia BbiflBHHyra B 50-X ronax. 
OCHOBOH nepBOH npopaÖOTKH STOH naen 6bin BHÖpnpyioinHH cTep«:eHb. 
BcKope noaBHjiHCb npopa6oTKH 6ojiee H3BecTHon pa3HOBHflHocTH STOH 

H^en - BHÖpnpyioinHH KaMepTOH. npHHnnn pa6oTbi BH6pannoHHbix 
rapocKonoB ocHOBaH Ha Tex ate 3aKOHax MexaHHKH, HTO H KjiaccinecKHX 
rapocKonoB c BpainaiomHMCfl poropoM. OraHHHe satcjuoHaeTC» TOJibKo B 

TOM, MTO BpamaronniHCH c nocTOHHHoii CKOpocTbK) poTop 3aMeH»eTCfl Ha 
HHepnnoHHoe Teno, coBepmaiomee KOjieSaHHH c nocTOflHHon MacTOTon H 

aMroiHTyaoH, T.e. BHÖpnpyioinee. B pe3yjibTaTe 3Toro MOMCHT CHJI HHepnnn 
KopnojiHca 5ffijraeTC5i 3HaKonepeMeHHbiM, a cjie^oBaTejibHO, H pearanra 
npnöopa (npeneccna) Ha Bpamemie ocHOBaHHH c nocTOüHHon yrjioBoii 
cKopocTbio  5iBjraeTc»   3HaKonepeMeHHon   -   KOjie6aHHfl   c   onpeaejieHHoö 
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nacTOTOH, aMiuiHTy^a KOTOpbix nponopuHOHajibHa yrjiOBOH cKopocTH 
ocHOBaHHH. ECJIH ijeHTp Mace BH6pHpyioiu(ero HHepunoHHoro Tejia 6yn;eT 
cMemen OTHocHTejibHo nempa ero no^Beca, TO npn6op oyzjeT He TOJILKO 

THpOCKOnOM,     HO     H     aKCejiepOMeTpOM     O^HOBpeMeHHO     -     MaHTHHKOBHM 
aKcejiepoMeTpoM KjiaccmecKoro THna. 

Eme B nepHOfl nepBbix npopa6oTOK Hflen BHÖpauHOHHoro rnpocKona 
yqeHbie BbicKa3biBajiH npeflnojioaceHHe, HTO npoiifleT MHoro jieT, npexae 
HGM 3Ta Hfle« 6yfleT flOBefleHa #0 npaKTHHecKoro npHMeHeHHH. npaKTHKa 
nojiHOCTbio nQHTBepflHJia aro npeflnojioaceHHe.  TojibKo ocBoeHHe HOBbix 
KOHCTpyKHHOHHblX MaTepHajIOB (KBapH, KpeMHHÖ), TexHojioraH pa6oTbi c 
HHMH   ((pOTOJIHTOrpaCpIM,   XHMHHeCKOe   TpaBJieHHe,   MeTajIJIH3aqHH   H   T.n.), 
flocTHxeHira B o6.iacTH MHKposjieKTpoHHKH no3BOJinjiH Ha py6e:»ce 80-90-x 
r.r. peajiH30BaTb Ha npaieraKe n^eio BHÖpauHOHHoro rapocKona. 
riocKojibKy pa3Mepw *iyBCTBHTejibHbix afieMenroB 3THX rapocKonoB H 

aKcejiepoMeTpoB cocTaBjisura e^HHimbi H ^aace ^OJIH MHJIJIHMCTPOB, TO 3a 
AaHHbiMH npn6opaMH 3aKpenHjiocb Ha3BaHHe "MHKpoMexaHHraecKHe 
rapocKonbi H aKcejiepoMeTpw". 

Beaymee nonoxceHHe B pa3pa6oTKe BHÖpauHOHHbix rapocKonoB 3a 
pyöejKOM 3aHHMaeT JIa6opaTopira flpennepa [2]. C 1991 no 1995 TOJX 

JlaSopaTopHeH ßpennepa 6buio H3roTOBjieHo H HcnbiTaHo 6ojiee 200 
pa3jinqHbix MOflncpHKannn MHKpoMexaHiraecKHX KpeMHHeBbix 
BH6paHHOHHbIX THpOCKOnOB.  Pa3MepbI 3THX THpOCKOnOB CTOJIb Majibie,  HTO 
Ha riHTHflroHMOBOH KpeMHHeBoii njiaTe MOJKCT SbiTb BbinojiHeHo OT 3000 #o 
10000 npH6opOB. 

B 1995 r. JIa6opaTopHH flpennepa npozjeMOHCTpHpoBajia To^HocTb 
MHKpoMexaHHraecKoro BHÖpannoHHoro rapocKona Ha ypoBHe 120 rpaa/iac, 
a B 1996 r. - 4,4 rpao/qac. D,ejibio flajibHefiiiiHX pa6or JlaöoparopHH 
flpennepa ÄBjraeTca co3flaHHe npnßopoB c zipencpoM MeHee 1 rpaa/nac. 

IlepBoe noKojieHHe MHKpoMexaHiraecKHX BH6pauHOHHbix rapocKonoB 
(DGC) Jla6opaTopHH flpeftnepa ocHOBWBajiocb Ha ^ByxocHOH paMOHHOH 
KOHCTpyKHHH HyBCTBHTejibHoro ajieMeHTa. B nponecce Hccjie^oBaHHH 
npHÖop flaHHOH cxeMbi noßBeprajicü Heo^HOKpaTHbiM 
yCOBepmeHCTBOBaHHHM B MaCTH KOHCTpyKHHH, TeXHO.JIOrHH H3rOTOBJieHHa H 
3JieKTpOHHKH. 

OAHaKO     TeXHHHeCKHe     TpyzmÖCTH,     CBH3aHHbie     C     (pOpMHpOBaHHeM 
HHepHHajibHOH Maccbi, npHBejiH K TOMy, HTO 6buia pa3pa6oTaHa nojiHocTbio 
njiaHapnaa KOHCTpyicmw MHKpoMexaHiPiecKoro BHÖpanHOHHoro 
rapocKona, KOTOPWH nojiynm Ha3BaHHe - caMOHacTpaHBaiomniicfl 
BHJioHHbiH rapocKon (TFG), a pa6oTbi no DGC B 1993 ro^y 6MJIH 
npeKpameHbi. 

Bbuio pa3pa6oTaHo H nsroTOBjieHO HecKojibKO MoancpHKannn 
rapocKonoB   roiaHapHon    cxeMbi   TFG,    KOTopwe    nponuin   ycneniHwe 
HCnblTaHHH. 

Ha ocHOBaroiH npoBefleHHbix JIa6opaTopHen ßpennepa HccjieflOBaHKH 
KOHCTpyKTopcKaa AOKyMeHTanna Ha TFG n MHKpoMexaHEraecKHfi 
MaaTHHKOBbiH axcejiepoMeTp (MMA) 6buia nepe#aHa <pnpMe Rockwell 
International, KOTopaa Haqajia ocBoemie HX npoH3BO#cTBa, B TOM HHCJie 
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npHMeHHTejIfaHO       K      aBTOMOÖHJIbHOH       npOMHIIIJieHHOCTH.       npH       3TOM 
ajieKTpoHHKa H3roTaBJiHBaeTca (pHpMoft no TOjicToroieHOHHOH 
HHTerpajibHOH TexHOjiorHH, a KsoKffbm rapocKon H aKcejiepoMeTp BbinojiHeH 
B BHZje HHTerpajibHOH MHKpOCXeMbl. 

Ha ocHOBaHHH pa3pa6oTaHHbix TFG H MMA, B paMKax nporpaMMbi 
ERGM (nporpaMMa HaBHranHOHHoro oÖopyaoBaHira äBOHHOTO 

HaiHaqeroia),     6MJI    cos^aH    HHepuHajibHbiH    H3MepHTejibHbiH    6JIOK, 

KOMnjieKCHpOBaHHblH C HaBHraHHOHHbIM npHeMHHKOM CHCTeMbI 
"HaBCTap". 

AaHHbifi 6JIOK BbinojiHeH B BHfle 5 njiaT pa3Hbix pa3MepoB (njiaTa 
BTopn^Hbix HCTOMHHKOB nHTaHHH, nponeccopa, npHeMHHKa 
HaBHraHHOHHbix CHraajioB, aKcejiepoMeTpoB H rapocKonoß), 
ycTaHOBjieHHbix B Kopnyce flnaMeipoM 75 MM. FtpH STOM B Hakane 1997 
Tom npe^nojiarajiocb, ^ITO STOT 6JIOK 6yn,eT HMeTb cjie,nyioiii,He 
xapaKTepncTHKH: 

- flHana30H M3MepeHHH yrjioBOH CKOPOCTH, rpa^/c ± 100 
- flHana30H H3MepeHira jiHHeHHoro ycKopemw, g ±100 
- zipeiict) rapocKona, ipan/nac 10,0 
- norpeiHHocTb CMememra Hyjia aiccejiepoMeTpa, % 0,01. 
B   flajibHeHiiieM   npH   nepexo#e   K   TBepflOTejibHOH   HHTerpajibHOH 

TeXHOJIOTHH    6eCIIJiaT4)OpMeHHbIH    HHepHHajTbHblH     H3MepHTejIbHbIH     ÖJTOK 
6yjjeT BbinojiHeH B BH^e OJJHOH HHTerpajibHOH MHKpocxeMbi c 
xapaKTepHCTHKaMH: 

- raöapHTHbie pa3Mepw, MM 20X20X5 

- Macca, rpaMM 5 
- 3HepronoTp»e6jieHHe, BT < 1. 
Pa6oTbi     no     co3/j;aHHio     MHKpoMexaHHHecKHX rnpocKonoB     H 

aKcejiepoMeTpoB B oTenecTBeHHOB npoMbiimieHHOCTH 6buiH Ha^aTbi B 

Hanajie 90-x ro^oB. 
B        HacToamee        BpeMH       pa3pa6oTKOH       MHKpoMexaHiraecKHx 

MyBCTBHTeJIbHblX 3JI6MeHTOB 3aHHMaiOTC5I IJ/HMMMaiu, A03T 
'THpoonTHKa", HHHriM HM. aKaaeMHKa B.H. Ky3HeHOBa, HHH Kn, 
PaMeHCKoe PUKE. 

B IJjHHHMani Ha ocHOBaHHH npoBe/j;eHHbrx HccjieflOBaHHH B 1993- 
1995 roflax 6bura pa3pa6oTaHa cxeMa H KOHCTpyKTOpcKaa flOKyMenranira 
KOMÖHHHpoBaHHoro MHKpoMexamraecKoro BH6pai|HOHHoro rnpocKona- 
aKcejiepoMeTpa (MBrA) TAM-03 paMOHHOH cxeMbi, MyBCTBHTejibHbiH 
ajieMeHT Koroporo npe/jcTaBjiaer CO6OH HHepnHOHHyio Maccy B flByxocHOM 
ynpyroM nojiBece. BbuiH HsroTOBJieHbi ajieKrpofleHCTByioiHHH H 

KOHCTpyKTopcKo-TexHOJiorHqecKHH MaxeTbi TAM-03 c HyBCTBHTejibHbiM 
ajieMeHTOM H3 öepHJiJineBOH 6poH3bi c raSapHTHbiMH pa3MepaMH 
(3,75x3,75) MM, MaccoH 0,250 rpaMM H ÖJIOKOM ajieKTpomiKH, 
BbinojiHeHHWM no HHTerpajibHOH TexHOjiorHH [3]. 

OflHaKo, npn HcnbiTaHHHX KOHCTpyKTOpcKHX o6pa3HOB npHÖopa TAM- 
03 6bui BbiHBjieH püfl HeflocTaTKOB jJtaHHOH cxeMbi, oöycjioBjieHHbix npe^e 
Bcero cjioiKHocTbio IOCTHPOBKH H oÖecneHeHHa npoHHOCTH KpeiuieHHa 
HHepnHOHHOH Maccw OTHOCHTejibHO BHyrpeHHero sjieMeHTa. 
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B aajifeHefiiueM 6MJIH npoBe^eHM Hccjie#oBaHHa H pa3pa6oTaHa 
KOHCTpyKTopcKaa   floicyMeHTamra   npaÖopa   TAM-10KEOE   KOHcojibHOH 
CXeMbI C MOHOJIHTHbIM MyBCTBHTeJIbHbIM 3JieMeHTOM H3 
MOHOKpHCTajiJiiraecKoro KpeMHiw H eMKOcTHHM flai^HKOM yraa. 

Oco6eHHOCTOMH     KOHCTpyKUHH     HyBCTBHTejIbHOrO     3JieM6HTa     TAM- 
10KEOE üBJisnoTca : 

- MOHOJiHTHaa KOHCTpyKHH« HHepijHOHHoro ajieMeHTa H 

HHepu;HOHHOH Maccbi; 
- BHyipeHHHH TOpCHOHHHH no^Bec; 
- Hcnojib30BaHHe rpe6eHqaxoro (BHJioMHoro) ajieKTpocTaraHecKoro 

npHBo/ia; 
- peineTTaTaa KOHCTpyKUHH HHepHHOHHoö Maccw. 
Mo,ziepHH3amis[ KOHCTpyKHHH qyBCTBHTejibHoro aneMeHTa H3 KpeMHira 

c eMKOcTHbiM flai^HKOM yraa no3BOJiHjia ycTpaHHTb npoÖJieMbi KperuieHHH 
HHepupioHHOH Maccw, oöecneHHTb flo6poTHOcTb Ha ypoBHe 103 - 104 6es 
BaKyyMHpoBaHiw BHyrpeHHeH nojiocra npnöopa H roroTOBjieHHa 
cneuKoprryca H cymecTBeHHo yMeHbniHTb McyiyjiHUHio nojie3Horo cHraajia 
Ha nacTOTe B036y}iqieHiw. 

B HacTomuee BpeMH 3aBepinaeTca oxpaÖOTKa OCHOBHWX TexnpoueccoB 
H3roTOBjieHna qyBCTBHTejibHoro ajieMeHTa TAM-10KEOE, KOTopwe 
BKJiioqaioT B ceo« npoueccw (poTOjiHTorpatpHH, rjiy6oKoro 6opHpoBaHHH, 
TOHHOrO aHH30TpOnHOrO TpaBJieHHH H 3JieKTpO,Zi;H(pCpy3HOHHOii CBapKH. 
OcOÖeHHOCTbK)      pa3pa60TaHH0H      TeXHOJIOrHH      ÜBJiaeTCH      MHHHMH3aUH5I 
TexHojioranecKHx onepauHH H pacxo^a MaTepnajioB. 

C yqeTOM BO3MOJKHHX oÖJiacTen HcnojibsoBaHira pa3pa6oTaHa 
AOKyMeHTainra 6ecraiaT<popMeHHoro HHepunajibHoro 6jioKa EHE-2000 Ha 
ocHOBe MHKpoMexaHHHecKoro BH6paiiHOHHoro rapocKona-aKcejiepoMeTpa 
TAM-10KEOE. 

EHE-2000   COCTOHT   H3   TpeX   OflHOOCHMX   HyBCTBHTejIbHWX   3JieMeHTOB 
TAM-10KEOE, opneHTHpoBaHHbix OTHocHTejibHo flpyr flpyra TaKHM 
o6pa30M, MTO OCH ^yBCTBHTejibHocTH rapoeiconoB H aKcejiepoMeTpoB 
o6pa3yioT npaByio opToronajibHyio cHcreMy Koop^HHaT. /JJIH KOMneHcauHH 
TeMnepaTypHbix norpeniHocTeii B 6JIOK BKJiioHeH AaraHK TeMnepaTypw. 
qyBCTBHTejibHbie sjieMeHTbi TAM-10KEOE H flaTqHK TeMnepaTypw 
KpeiMTCH Ha noflJio}KKe H Me^ny CO6OH C noMombio Knea. Ha nofljicwKKe 
Taicsce ycTaHOBjieHbi TpH öecKopnycHwe TBepflOTejibHbie HHTerpajibHbie 
MHicpocxeMbi, peajiH3yK>nnie 6JIOK ajieKTpoHHKH EHE. 

B uejioM npefljioaceHHbie cxeMHo-KOHCTpyKTHBHbie penieHiw H 

pa3pa6oTaHHaü KOHCTpyKTopcKaa flOKyMeHramra no3BOjraioT co3#aTb 
6ecnjiafcpopMeHHMH HHepUHajibHbiH 6JIOK Ha OCHOBC MHKpoMexaHiraecKoro 
BHÖpauHOHHoro THpocKona-aKcejiepoMeTpa H3 MOHOKpHCTajuiHHecKoro 
KpeMHua H HHTerpajibHOH a^eKTpoHHKH, HMeioiHHH cjie^yiomHe 
xapaicrepHCTHKH: 
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- flHana30H H3MepeHira yrjioBofl cicopocra ± (3... 100) Tpaji/c; 
- #Hana30H HQMepeHHa JiHHeHHoro ycKopeHira ± 10 g ; 
- norpeniHOCTb MaciirraÖHoro K03(p(pHiuieHTa 0,5 % ; 
- HyBCTBHTejIbHOCTb : 

no KaHajiy rapocKona 0,005 rpa^/c ; 
no KaHajiy aiccejiepoMeTpa 0,01 M/C

2
 ; 

- raöapHTHbie pa3Mepw 20x20x5 MM ; 
- 3HepronoTpe6jieHHe 1,5 BT ; 
- Macca 5 r. 

B 1998-99 rr. ojKHflaexcfl nojiyqeHHe ^eiicTByiomHx MaKeimix 
o6pa3n;oB npnöopoB. 

TaKHM o6pa30M, HMeioTca peajibHbie npe^nocbuiKH .zyra co3^;aHiM B 

ojiEracaftniHe rorrb JieT HHepUHajibHbix H3MepHTejibHbix npHÖopoB, 
yzioBJieTBOpÄiomHx Tpe6oBaHH5iM, npeflbHBJiaeMbiM K HHepmiajibHbiM 
cHCTeMaM Majibix KDCMHTOCKHX annapaTOB. 
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Prospects of minification 
of gyroscopes instruments 
for cosmic technicians 

V. M. Achildievl, V.N. Drofa. «TSNIIMASH». 

Given test of trends of the improvement features of mass and power 
strapdown inertials blocks on the base integrating, dynamically timed , lazer and 
fiber-optic gyroscopes. 

Main attention specific question of making the micromechanical gyroscopes 
and accelerometers, detector elements which possible consider under the 
microscope only. 

Happen To results of functioning TSNIIMASH on micromechanical 
vibratory gyroscopes - accelerometers and strapdown inertial  blocks on their base. 
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/],ByxnpOU;eCCOpHMH BbFIHCJIHTejIbHblH MO^yjIb 
Win ajieMeHTHOH 6a3bi HOBoro noKOJieHHa 

nepcneKTHBHbix cpe^cTB PKT 

JI.K.IIaTpHKeeB, T.M.CyxoB 
KB"CajiroT" FKHni| HM.M.B.XpyiiHraeBa 
121309, MocKBa, HoB03aBOflCKaü yji., 18 

TCJI 142-59-21, (paKc: 956-24-41 
C.H.yßapoB 

HHCTHTYT npoÖJieM ynpaBjieHHfl  PAH 

PaccMaTpHBaioTCfl nocrpoeHHe H xapaKTepHCTHKH nepcneKTHBHoro 
BHraHCjiHTejibHoro MHKponpoiieccopHoro uojiyjin jyix 6opTOBbix 
BbFfflcjiHTejibHbix ceTeii ceMeöcTB paKeTOHOCHTejiefi, Majibix KocMKraecKHX 
annapaTOB H opÖHTajibHbix cTaHUHH. 

YcneuiHoe npoflBKDKeHHe Ha MHpoBoii PHHOK POCCHHCKOH PKT B03- 
MOXHO TOJIbKO npH yCJIOBHH C03^aHH5I KOHKypeHTOCnOCOÖHblX mRGjmPi Ha 
ocHOBe ajieMeHTHOH 6a3bi, He ycTynaiomeö no CBOHM napaMeTpaM H TexHo- 
jiorHHM 3apy6exHWM o6pa3HaM. IlocKOJibKy B cocTaBe nepcneKTHBHbix 
cpe^cTB PKT noflaBjraiomafl HECTB 6opTOBbix cHcreM 6a3HpyeTC» Ha 
cpe^cTBax sjreKTpoHHKH, coBepmeHCTBO ee ajieMeHTHOH 6a3bi npHOÖpeTaeT 
ceroflHH ocoßoe 3HaieHHe. B ÖjiHxanniHe ro^bi MHpoBbiM pbiHKOM KOC- 

MH^ecKOH TexHHKH 6ynyT BJiazjerb <pHpMbi, Hcnojib3yiomHe nepeaoBbie HH- 

(popMainioHHO-BbnHcjiHTejibHbie TexHOjioran H ajieMeHTHyio 6a3y. 
B flOKjiaae paccMaTpHBaioTca oco6eHHOcra apXHTeKiypbi nepcneK- 

THBHbix öopTOBbix BbiHHCjiHTejibHbix ceTeii ana ceMeHcraa MKA, PH H OC, 
a TaKxe xapaKTepHCTHKH HX 6a30Boro MHKponponeccopHoro MQnyjra HOBO- 

TO noKojieHHa, nocTpoeHHoro Ha ajieMeHTHOH 6a3e (J)HpMbi Intel. 
3TOT Monyjib pa3pa6oTaH MIY PAH äJIü nepcneKTHBHbix H3flejiHH 

PKT H HBjraeTCii nepBbiM B öyaymeM ceMeöcTBe BbicoKonpoH3BO^HTejibHbix 
ynpaBJiaioinHX cHCTeM noBbiineHHOH Han,e)KHOcTH. XapaKTepHCTHKH Mo^ry- 
jia, a Tarafce cxeMbi ero npHMeHeHHü B nepcneKTHBHbix 6opTOBbix 
BbiHHCJiHTejibHbix ceTHX Majibix KA npHBefleHbi B orqeTe KB "CajnoT" 
TKHni| HM. M.B.XpyHHHeBa 1997 r. no HHP "nHpaMHua-E". TaM ace 
paccMOTpeHbi pe3yjibTaTbi ero cpaBHHTejibHOH oneHKH c napaMeTpaMH aHa- 
jiorHHHbrx Mo/iyjieH, co3flaBaeMbix AJDI POCCHHCKOH KOCMKraecKOH oTpacjiH 
no nporpaMMe "CajnoT-2000". 

JI.HaTpHeKeeB 



riepfcneRTUBbf noBbiiueHiifl TOHHOCTM aBTOMaia 
ynpaBneHwsi nojiowemieM MKA B npocrpaHCTBe 

B. HßaHOB 
UHHI/lMaui 

141.070^ r. KoponeB, MocKOBCKaa o6nacTb, 
yn. nnoHepcKan, 4 

(DaKc: (095) 513 4393 

HOBbie   B03MOXHOCTH   TeXHOHOrMH   MMKpOMMHHaTK)pM3ai4MM   paCLUWpfllOT 
oönacTn KOMMepnecKoro ncnonb30BaHna Manbix KOCMMHGCKMX annapaTOB 
(MKA) c BbicoKOTOMHOM opueHTauweM. Ba30BbiM 6noKOM Ana TaKnx MKA 
9\Br\9\eiC9\ nnaTCpopivia c MUHMariopHCM CMCTGMOM ynpaBneHwa oninManbHOM 
KOppeKuneii M TOHHOM craöunnaaMnew nonoxeHi/m B npocipaHCTBe. 

flwHaMMHecKwe CBOwcTBa MKA, cospeMeHHbie xapaKTepucinKii 
MUHnairapHbix    MHepunanbHbix    M    onTunecKnx    flamnKOB    opueHTaunn, 
HMnynbCHafl   M36blTOHHOCTb   CMHOBOM   yCTaHOBKM    l/l   TpaflHUHOHHbie   MGTOAbl 
nocTpoeHna aBTOMaia ynpaBneHvm He MoryT ooecneHwrb OAHOBpeMenHo 
Tpe6yeMofi 6biCTpofle^cTBMfi n TOHHOCTM. Teopusi cwHTe3a onTMManbHbix 
aBTOMaTOB   ynpaBneHun   BUCOKMX   nopaflKOB   Ana   nenwHeMHbix   CMCTeM   c 
CMriOBOM     M36blTOHHOCTbK)       npM     OUJMÖKaX     M3MepeiHMM     KOOpflMHaT     Bblliie 
TpeßyeMOM TOHHOCTM ynpasneHMH   cewnac TonbKO HannHaeT pa3BMBaTbca. 

rioaTOMy B paÖOTe nn« onpefleneHna noTeHLinanbHbix B03MO>KHOCTeM 
noBbimeHMfl TOHHOCTM aBTOMaTa ynpaBneHMfi wcnonb30BaH CMCTeMHbiM 
aHanM3 pa3nnHHbix nacTHbix peiueHMM M pa3pa6oTaH MeTOflMHecKMM noflxofl 
K cnHTe3y KOMnneKCHoro anropnTMa ynpasneHMfl na ocHOBe HeKOTopbix, 
BBeneHHbix norMnecKMx SBPMCTMK. 

3aAana CMHTe3a aBTOwiara COCTOMT B TOM, HTOöW npw KOMnneKCHOM 
Mcnonb30BaHMM peaieHMM nacTHbix 3anaH M SBPMCTMK nonyHMTb 3anaHHbie 
xapaKTepMCTMKM TOHHOCTM ynpaBneHMn flBMxeHMeM annapaTa, yBsi3aB MX c 
TpeöyeMOM nna 3anaHHoro ÖbicTponeMCTBMfi CMHOBOM M36biTOHHocTbto 
ABMraTenbHoti    ycTaHOBKM     vt    TOHHocTbK)    onpeAeneHMM    KOopAMHaTHOM 
MHCpOpMaAMM,    T.e.    CMHTeSMpOBaTb    OnTMManbHyK)    no    6blCTpOAeWCTBMK)    M 
TOHHOCTM cwcTeiwy B qenowi. 

Ha AaHHOM arane paöoTbi paccMOTpeHbi cneAyioiUMe Bonpocu: 
1. OnTMManbHbiM no 6bicTpoAeMCTBMto M KBasMonTMManbHbiM no TOHHOCTM 

npoqecc ynpaE$neHMa MKA c pexwMOM opMeHiauMM M CTa6MnM3aqMM 
npw MMnynbCHOM M36biTOHHOc™ ynpaBnaioinMx opraHOB; 

2. flpouecc onTMiviaribHoro ynpasneHMa MKA, — Kane CMoreMa c nomocoM 
BToporo nopyiAKa w aBTOMaTOM ynpaBneHwa c HyneM BToporo nopyiAKa; 

3. riyTM noBbiiueHMfl TOHHOCTM   CTa6MnM3auMM npw oujMÖKax M3MepeHMti c 
Mcnonb30BanMeM anpwopHoro peuieHMH yKa3aHHbix Bbiwe 3aAan; 

4. CMHTe3 KOMnneKCHoro AByxpewMMHoro anropMTMa ynpaBneHMfl. 

B pe3ynbTaTe aHanM3a noKa3aHa npaKTMHecKaa peanw3yeM0CTb 
AaHHoro   KOMnneKCHoro   anropMTMa.   TlpM   ypoBHe   cwnoBOM   MMnynbCHOM 
M36blTOHHOCTM   MK/MC «   50...100.    M    npeBblllieHMM   OUJMÖOK   M3MepeHMM    HaA 
3aAaHH0M TOHHOCTbK) ynpaBneHÜia Yo/Ty « 3...5.. MoryT 6biTb oöecneneHbi 
npneMneMbie   BpewieHHbie M TOHHOCTHbie xapaKTepwcTMKw npoqecca. 

B.HßaHOB 



Perspectives of increase of accuracy of the automatic control 
unit of management a position smaSH spacecraft in space 

V. Ivanov 
CNIIMash 

141.070. The queens, Moscow area 
Street. Pioneer, 4 

The fax: (095) 513-4393 

The new capabilities of a process engineering of a microminiaturization 
expand areas of commercial use of small spacecraft (SSC) with high-precision 
orientation. The base module for such SSC is the platform with a miniature control 
system of optimum correction and precisiouly stabilization of a position in space. 

Dynamic properties SSG, modern of the characteristic of miniature inertial 
and optical attitude control sensors, pulse redundancy of the power plant and the 
traditional methods of a construction of the automatic control unit of management 
cannot ensure simultaneously required of response and accuracy. The theory of 
synthesis of optimum automatic control units of control high is ordinal for non- 
linear systems with a load-carrying redundancy, at errors of measurements of 
coordinates of above required accuracy of control, now only begins to develop. 

Therefore in activity, for definition of potential capabilities of increase of 
accuracy of the automatic control unit of management, the systems analysis of the 
various individual solutions is used and the methodical approach to synthesis of 
the complex control algorithm because of some, entered logic heuristic is 
developed. 

The problem of synthesis of the automatic control unit is, that at complex 
use of the solutions of individual problems and heuristic to receive the specific 
characteristics of accuracy of mission control of the vehicle, by coordinating them 
with a load-carrying redundancy, required for specific response, of a propulsion 
system, and accuracy of definition of the coordinate information, i.e. to synthesize 
optimum on response and accuracy a system as a whole. 

At the given stage of activity the following problems are considered: 
1. Optimal on response and quazioptimal on accuracy control procedure SSC with 

an attitude control mode and stabilization at a pulse redundancy of crafts; 
2. Process of optimum control SSC,- as system with a pole of the second order 

and automatic control unit of management with zero of the second order; 
3. Paths of increase of accuracy of stabilization at errors of measurements with 

use of the a priori solution of indicated above problems; 
4 Synthesis complex two-procedure of the control algorithm. 

In an outcome of the analysis the practical readability of the given 
complex algorithm is shown. At a level of a load-carrying pulse redundancy MK/MC 

« 50... 100, and excess of errors of measurements above specific accuracy of 
control Y0/Ac «3... 5, can be supplied acceptable temporary and accuracy of the 
characteristic of process. 

V. Ivanov 



EopTOBbie HHI[J)OpMaii0OHHO-BtIHHCJ!HTejlbHI,ie HHCTpyiVieHTaJIbHbie cpeflCTBa 
Majiora6apHTHbix cnyTiniKOB, oftecneiHBaionuix npoBe^eHiie KOMnjieKCHbix 

aBTomaTH3HpoBaHHbix 3KcnepwvieHT0B Tuna "TopHaflo". 

B.B.HOCHKOB, lO.E.JleBHIXKHH 
LJHHHMam 

141070, r.KopojieB MocKOBCKaa o6.jiacTb, 
yji. llHOHepcKa5i,4 

0>aKc: (095) 513-41-27 

Ha coBpeMeHHOM 3Tane pa3BHTHH ÖopTOBbix pazjHoaneicrpoHHbix CHCTeM 
ManoraGapHTHbix KA noBbiCHJiacb aKTyajibHOCTb npoojiewtbi nojiyneHHS H HaKonjieHHa 
SKcnepHMeHTajibHbix ^aHHbix no HaflOKHocTH, CTOHKOCTH H oöecneneHHio »HBy^ecTH B 

ycjiOBHHX KOCMKraecKoro   npocipaHCTBa,   KaK 6opTOBbix CHCTCM   B   uenoM,   Tax   H   HX 

OTßejIbHMX  KOMnOHeHT ( paflHOSJieKTpOHHHX; SJieMeHTOB,   y3JIOB, 6J10KOB, TpaKTOB H T.n.). 
Cjio>KHOCTb peuieHHH 3TOH npo6jieMbi 3aKjnoqaexcH B Heo6xo,n,HMOCTH onepaTHBHoro 

nojiyqeHH« MHoroKaHanbHOH TOMepHxejibHOH H .npyroH .zniarHOCTHHecKOH HH^opMai^HH c 
MHOJKeCTBa KOHTpOJIHpyeMblX ÖOpTOBblX 06-beKTOB B BeKTOpHOM BHfle. TIpH 3TOM 
COXpaHHeTCH B03MO)KHOCTb  BOCCTaHOBJieHHH  Ha  npHeMHblX   CTaHUMX  flHHaMHKH   COÖblTHH, 
npoHcxo^amMX    B     HCCjie^yeMofi    öopTOBofi      pa#H03JieKTpoHHOH      annapaType    no,n, 
B03/i;eHCTBHeM     MHO>KeCTBa     (JmKTOpOB    KOCMHHCCKOrO     npOCTpaHCTBa    B     H3MeH3IOmHXCa 
ycjiOBHHX 3KcnjiyaTai^HH KA H ero SopTOBbix CHCTCM. 

fljia 3THX nejiefi B  HacTOHinee BpeMH pa3pa6aTbiBaeTCH nporpaMMa KOMnjieKCHbix 
aBTOMaTH3HpOBaHHbIX HaTypHBIX SKCnepHMeHTOB nOfl o6lUHM Ha3BaHHeM "TopHaAo". 

YcnexH npOBe^eHHa HaxypHbix siccnepHMeHTOB rana "TopHa^o" BO MHoroM 3aBHcaT OT 

B03M05KH0CTefi C03flaHH3 BbICOK03(|)(f)eKTHBHbIX 6opTOBMX HH(J)OpMaHHOHHO- 
BbiqHCJIHTeJIbHblX    HHCTpyMeHTaJIbHblX    Cpe^CTB,    CnOCOÖHblX    yflOBJieTBOpHTb KeCTKHM 
ycjiOBH«M pa3MemeHHa H SKcnjiyaTaijHH Ha 6opTy Majiora6apHTHbix cnyrHracoB HOBoro 
noKOJieHHH, npH BHCOKHX Tpe6oBaHHax K c^yHKi^HOHajibHofi HacbimeHHoera m 
HH^opMaTHBHOCTH peiiiaeMbix Ha 6opxy 3ajj,an. 

B   KaHeCTBe   OCHOBbI   ßJIfl   nOCTpOeilHfl   6opTOBbIX   HH(|»OpMaUHOHHO-BbIHHCJIHTeJlbHbIX 
HHCTpyMeHTanbHbix cpe,n;cTB ManoraöapHTHbix cnyTHHKOB, oßecneqHBaioinHX npoBe/jeHHe 
KOMnjieKCHbix aBTOMaTH3HpOBaHHbIX SKCnepHMeHTOB THHa "TopHa^o" M05KCT 6bITb 
HCIIOJIb30BaH   yHH(J)HHHpOBaHHbIH   MaJIOraSapHTHblH   aflanTHBHblH   6opTOBOH   MOJjyjIb   flJIH 
c6opa H npefflBapHTejibHofi o6pa6oxKH noTOKOB BeKTopHofi HH(j)opMan.HH B peajibHOM 
MacuiTaöe BpeMeHH, pa3pa6oTaHHbifi no nporpaMMe HHP "CajHOT-2000". 

OCHOBHblMH OTJIHHHTejIbHbIMH OCOÖeHHOCTKMH flaHHOTO ÖOpTOBOTO MOßyjIfl «BJIfllOTCfl 
cjieAyiouJiHe cjjyHKHHOHajibHbie BO3MO>KHOCTH: 

- aBTOMaTHHecKoe ^opMHpOBaHHe CJIOHCHMX nporpaMM MHoroKaHajibHwx H3MepeHHÖ B 

aflanTHBHOM pe>KHMe (a^anTHBHyio ,HHCKpeTH3au,Hio H KOMMyTaunio) B 3aBHCHMocTH OT 

H3MeHJHOIHHXCH yCJIOBHH 4>yHKHHOHHpOBaHHH Hccjie^yeMbix o6ieKTOB; 
- cymecraeHHoe coKpameHHe HSöHTOHHOCTH coÖHpaeMbix noTOKOB AaHHbix npn 

coxpaHeHHH BeKTopHoro npe^CTaBJieHH« H3MepHTejibHofi H ynpaBJiaiomeH HHcj)opMaHHH KaK 
Ha 6opTy cnyTHHKa, TaK H Ha npHeMHbix nyHKTax; 

B.HOCHKOB 



- COBMeCTHMOCTfc    C   pa3JIH«IHbIMH   no    IIpOnyCKHOH    CnOCo6HOCTH    aCHHXpOHHblMH   H 
CHHxpoHHbiMH xaHajiaMH nepeßaHH flaHHWx cnyTHHKOBofi pa#HOCBa3H; 

- cnoco6HOCTb a^anTHBHO MeHflTb ypoBHH npnopHTeTHoera B nporpaMMax 
MHoroKaHajibHbix   H3MepeHHii   Ha   6opiy   cnyTHHKa   B   ycjioBHax   flecJMUHTa   oö-beMOB 
OnepaTHBHOH   naMHTH   6opTOBbIX   BblTOCJIHTejIbHblX   CHCTeM   H   nponycKHOH   cnoco6HOCTH 
KaHaJIOB CnyTHHKOBOH CB»3H; 

- cnocoÖHOCTb no,zmep}KHBaTb peajiH3aHHK> MHoacecTBa c[)yHKUHOHajibHbix 3aflaq 

noKajibHbix KOHTypOB aBTOHOMHoro ynpaBJieHM, KOHTpojia H ÄHaraocTHKH B HHTepecax 
aBTOMaTH3HpoBaHHbix SKcnepHMeHTajibHbix HCCJieflOBaHHH paÄHoajxeKTpoHHOH annapaTypbi 
Ha 6opTy MajioraGapHTHoro cnyTHHKa; 

- coBMCCTHMOCTb c pa3JiHHHOH flaT^HKOBOH annapaTypon, OTpaacaiomeä TeKymee 
cocxoHHHe (jmKTopoB B03fleHCTE!HH KOCMHHecKoro npocTpaecTBa B peajibHOM MacuiTa6e 
BpeMeHH; 

- BCTpoeHHaa CHCTCMa AHaoiocTHKH H o6ecneieHHa HCHBynecTH; 
- 4>opMHpoBaHHe Ha 6opxy cnyTHHKa cjiy»ce6HOH HH<J>opManHH, o6ecneqHBaK>meif 

3(j)<])eKTHBHoe BoccTaHOBJieHHe noTOKOB «KaTbix ÄaHHbix Ha npneMHbix nyHKTax B 

BeKTOpHOM BHfle c yKa3aHHeM TeKymnx rapaHTHH Ha #ocTOBepHOCTb npeflcraBJieHHa 
BOCCTaHOBneHHoä H3MepHTejibHoii HH^opMauHH; 

- 4>OpMHpOBaHHe   flOnOJIHMTeJIbHMX    HH(j)OpManHOHHbIX   KaHaJIOB    #JIH   BHpTyaJIbHblX 
^aTHHKOB, o6pa3yiomHX BTopHHHyio ceHCOpHyw cHCTeMy Ha 6opTy cnyTHHKa B HHTepecax 
ynpaBJieHHH aBTOMaTH3P[pOBaHHbiMH 3K.cnepHMeHTaMH B ycjioBHax KOCMHnecKoro nojieTa; 

- KOMnjieKcnpoBaHHe HecKOJibKHx 6opTOBbix MOflyjiefi Me>KAy co6oS #Jia o6pa30BaHHa 
CJIOaCHblX HepapXHieCKHX CTpyKTyp HH^OpManHOHHO-BbiqHCJIHTeJIbHblX HHCTpyMeHTaJIbHblX 
cpe^cTB    nofl   3a«aHHbie   ycnoBHa    ^yHKHHOHHpoBaHHfl    H    npHopnTeTbi    nporpaMMbi 
3KcnepHMeHTanbHbix HCCjie,n;oBaHHH. 

Hcnonb30BaHHe yKa3aHHbix BO3MO5KHOCTCH yHH<|)HHHpoBaHHoro MajioraöapHTHoro 
aflanTHBHoro 6opTOBoro MO^yjia no3BOJiaeT CTpoHTb ra6KHe B <J)yHKHHOHajibHOM CMbicjie 
HH^opMaHHOHHO-BbiHHCjiHTextbHbie HHCTpyMeHTajibHbie cpeACTBa Majiora6apHTHbix 
cnyTHHKOB, oöecnenHBaioiHHx npOBe^eHHe KOMnjieKCHbix aBTOMaTH3HpOBaHHbix 
SKcnepHMeHTOB THita "TopHaflo" npn HeflocraTKe anpHopHofi HH(J)opMaHHH o peajibHOM' 
xapaKTepe B03flencTBHH MHO>KecTBa (JmKTOpOB KOCMHiecKoro npocTpaHCTBa H peaKHHH Ha 
HHX HCCJieflyeMofi öopTOBOH pa^HoajieKTpoHHpH  annapaTypbi. 

B HacToamee Bpena pa3pa6oTKa yHHcJjHHHpoBaHHoro ManoraöapHTHoro a^anTHBHOro 
6opTOBoro Mo,oyjia cßopa H npe^sapHTejibHOH o6pa6oTKH noTOKOB BeKTOpHofi 
HH^opMauHH Haxo^HTca Ha 3Tane sKcnepHMeHTajibHofi oTpa6oTKH <j)yHKHHOHajibHoro 
MaKeTa B cocTaBe cnenHajiHSHpoBaHHoro CTeH^a, BOcnpoH3BO,n;amero ycnoBHa nojieTa 
pazjHoajieKTpoHHOH      annapaTypbi   Ha   6opTy   Majiora6apHTHoro   cnyTHHKa   MeTO^aMH 
HMHTaHHOHHOTO MOßeJIIipOBaHHa. 

B.HOCHKOB 



Onboard information-computing tools of small-sized satellites ensuring 
realization of complex automated experiments of "Tornado" type 
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At the present stage of small-sized space vehicle onboard radioelectronic systems 
developments the urgency of a problem of obtaining and accumulation of experimental data 
on reliability, stability and maintenance of survival in space environments, both onboard 
systems as a whole, and their separate a component (radioelectronic elements, units, blocks, 
channels etc.) was increased. 

The complexity of the solution of this problem consists of necessity of operating 
obtaining of multichannel measuring and other diagnostic information from a set of 
inspected onboard objects in a vectorial kind. Thus the capability of recovery on receiving 
stations of dynamics of events happening in a researched onboard radioelectronic equipment 
under effect of the deep space factors set in the changed conditions of space vehicle and it 
of onboard systems operation is saved. 

The program of complex automated full-scale experiments under a general title 
"Tornado" is now developed for these purposes. 

The successes of realization of full-scale experiments of "Tornado" type in many 
respects depend on capabilities of creation of highly effective onboard information- 
computing tools which are capable to satisfy to severe constraints of arrangement and 
operation onboard small-sized satellites of a new generation, at the high requirements to a 
functional saturation and selfdescriptiveness solved onboard problems. 

As a fundamentals for construction of onboard informattion-computing tools of small- 
sized satellites ensuring realization of complex automated experiments of "Tornado" type 
the  unified   small-sized   adaptive  onboard  module  for  the  real-time   collecting  and 
preprocessing of the vectorial information flows developed on the scientific- research 
program " Salyut-2000" can be used. 

Main distinctive features of the onboard module are the following functionalities: 
- Automatic formation of the complex programs of multichannel measurements in an 

adaptive mode (adaptive discretization and switching depending on changed conditions of 
researched object operation); 

- Essential reduction of redundancy of collected data flows at preservation of vectorial 
submission of the measuring and control information both onboard a satellite, and on 
receiving stations; 

- Compatibility with various on throughput the asynchronous and synchronous data 
links of satellite radio communication; 

- Ability to adaptively change levels of priority in the multichannel measurements 
programs onboard a satellite in conditions of a deficit of the main memory volumes of 
onboard computing systems and throughput of satellite communication channels; 

- Ability to support realization of a set of functional problems of local outlines of 
autonomous control, checking and diagnostics in interests of automated experimental 
researches of a radioelectronic equipment onboard a small-sized satellite; 

V.Nosikov 



- Compatibility with various sensors reflecting a current condition of deep space effect 
factors in real-time scale; f ■    ■■ 

- Built-in system of diagnostics and maintenance of survival; 
- Formation onboard a satellite of the control footing ensuring effective recovery of 

oblate data flows on receiving stations in a vectorial kind with the indication of the current 
warranties for reliability of submission of the restored measuring information; 

- Formation of additional information channels for virtual sensors forming a 
secondary sensory system onboard a satellite in interests of management by automated 
experiments in space flight conditions; 

- Integration of several onboard modules among themselves for formation of complex 
outlines of information-computing tools under specific conditions of operation and priorities 
of the experimental research program . 

The use of the indicated capabilities of a unified small-sized adaptive onboard module 
allows to build flexible in a functional sense information-computing tools of small-sized 
satellites ensuring realization of complex automated experiments of "Tornado" type at defect 
of the a priori information on actual character of deep space factor set effect and a response 
on them of a researched onboard radioelectronic equipment. 

Now development of a unified smalt-sized adaptive onboard module for the real-time 
collecting and preprocessing of the vectorial information flows is at a stage of experimental 
improvement of a functional prototype in a structure of a specialized bench reproducing 
conditions of radioelectronic equipment operation onboard a small-sized satellite by 
methods of a simulation modeling. 

V.Nosikov 



Majiora6apHTHaH CHCTeivia KOHTPOJTH 
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npeAJio>KeHa CHCxeMa KOHTPOJIH opHemrauHH OTHOCHTejlbHO BeKTopa 
CKopocTH pflz KA, CTa6ajiH3HpoBaHHbix BpameHHeiw, ocHOBaHHaa Ha 
(«MepeHHH napaivieTpoB noBepxHOCTHbix sjieKTpHnecKHx nojiefi. 

nojreT KA, CTa6ajiH3HpoBaHHbix BpameHHeM, nponcxoAHT, KaK npaBHJio, B AnanasoHe 
BbicoT 200-1000 KM. B 3TOM AHana30He BHCOT pacnojio>KeHa ocHOBHaa nacTb HOHOC^epw 3CMJIH. 

IlpH   ABH>KeHHH   KA   B   HOHOC(|)epHOH   TIJia3Me   Ha   erO   nOBepXHOCTH   B03HHKaK)T  3JieKTpHHeCKHe 
nojia, o6yc.noB^eHHbie B3aHMOAeficTBHeM noBepxHOCTH annapaTa c OKpyawuomeH njia3MOH. 
PacnpeAe^eHHe HanpaaseHHOc™ sjieKTpHnecKnx nojiefi, B STOM cnynae, na noBepxHOCTH KA 
HepaBHOMepHo . MaKCHMajibHa* HanpsraceHHocrb 3jieKTpHHecKnx nonen HMeeT MecTO Ha TbuibHofi 
no    OTHOIlieHHK)    K    BeKTOpy    CKOpOCTH    nOBepXHOCTH    KA,     MHHHMajlbHaa    -     Ha    JIO6OBOH, 

npoMOKyTOHHbie 3HaneHHa HMeiOT MecTO Ha öOKOBMX noßepxHOCTax2. TaKoe pacnpeaejieHne 
HanpaxeHHocTH sjieFopHHecKHx nojieft no3BojweT Hcnojib30BaTb STO HBjieHHe nsix nocrpoeHHH 
Majiora6apHTHofi CHCTeMbi KOHTPOJIJI napaivieTpoB BpameHHH H opHem-auHH OTHOCHTejlbHO 
BeKTopa CKopocTH Ana Majibix KA. KoHTpojib STHX napaMerpoB MOJKCT 6biTb Heo6xoAHMbiM KaK 
AJia aHajiH3a 4>yHKm*OHHpoBaHHa caMoro KA, TaK H-AJIH aHajiica KanecTBa <J)yHKUHOHHpOBaHHs 
ero öopTOBbix CHCTCM, Hanpntwep, paAHOCHCTeM. 

ripH nocTpoeHHH CHCTeM KOHTpojiH opHeHTauHH KA Ha ocHOBe H3MepeHHH napaMerpoB 
noBepxHOCTHbix 3JieKTpnHecKHx nojieM aaTHHKH 3JieKTpHHecKoro nojia pacnojiaraiOTCH Ha JIHHHHX 

ero ocHOBHbix ocefi. Ylpn Hcnojib30BaHHH HHrerpHpoBaHHoro HCTOHHHKa nHTaHHH KA Bee 
npeAJiaraeMOH CHCTeMbi He 6yAeT npeBbrmaTb 100 r. 
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The monitoring system of orientation concerning vector of sp© 
space vehicle stabilized by rotation, based on measure: 
of surface electrical fields is offered. 

space venicie stabilized öy rotation, nappens, as a rule, in a 
kms. In this altitude band the main body of an ionosphere of the Earth is 

located. At motion space vehicle in ionospheric plasma on it the surfaces arise 
electrical fields stipulated by interaction of a surface of the vehicle with ambient 
plasma. Distribution of strength of electrical fields, in this case, on a surface space 
vehicle nonuniformly (1). The maximum strength of electrical fields has a place on 
back in relation to vector of speed of a surface space vehicle, minimum - on frontal, th< 
intermediate values take place on lateral areas (2). Such distribution of strength of 
electrical fields allows to use this appearance for a construction of the small- sized 
monitoring system of parameters of rotation and orientation concerning vector of 
speed for small space vehicle. The control of these parameters can be necessary both 
for the analysis of operation the space vehicle, and for the analysis of quality of 
operation it of onboard systems, for example, radio systems. 
At a construction of monitoring systems of orientation space vehicle because of 

measurements of parameters of surface electrical fields the sensors of an electrical field place 
on lines it of main(basic) axes(axes). At use of the integrated power source space vehicle, the 
weight of an offered system will not exceed 100. 

1. AjiMiepxHLJI., FypeBHH A.B., UHxaeBCKHi JI.IX Artificial satellites in the 
unloaded plasma. -I.: a science, 1974 seconds 387. 

2. IlyniKMH H.M., MCäHHKOB B.A., ManncoB AMPERE-SECOND., JlanrnHHoea O.I 
Measurement of background electrostatic and variable electrical fields on an external 
surface of a module "Quantum" of orbital station "World" // Space researches. 1994 
6.2 of1 3 seconds 140-142. 
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BecKOHTaKTHan CHCTeiwa JJIH KOHTPOJIH 

aBHraTejieii opueHTaumi Majibix KA 

Jlnxepaxypa. 

1. TpeHHXHH JI.H., riyuiKHH H.M. BJIHSHHC caaceBbix nacTHi; Ha xepMOAHHaiviHHecKoe 
cocTOHHue HarpeTbix ra30B npn pa3JiHHHbix TeMneparypax. /MJB. BY3(OB) cep. ABHauHOHnan 
TexHHKa 1983 r. j\T° 1, c. 85-88. 

2. IlyiiiKHH H.M. fl,HnojibHaa MOAejib pacnpeAejieHH« sapjiAOB B cncxeiwe "ABuraxejib - 
peaKTHBHaH cxpyjr". //3apy6e5KHas paAHOxexHHica. 1996 r. jsfe 8, c. 121-123. 

3. -Hro^HHKOB O.A., BopoHeuKHfi A.B., ITyuiKHH H.M. HccjieAOBaHHe sjieKxpioaumi 
conjia >KP,TJ,. //OH3HKa ropeHHH H B3pbiBa. 1995 r. JV2 4, c. 54-58. 
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npexuiojKena CHCTeMa KOHxpojia (J)yHKUHOHnpoBaHHH ABHraxejiefi 
opneHTauHH KA, ocHOBaHHaa Ha H3MepeHHH noßepxHOCTHbix 
3jieKTpHMecKHx HJIH MarHHTHbix nojieM yKPR MT. 

TaöapHTHbie pa3Mepbi ABHraxeneM opHenrauHH Majibix KA, HCXOAH H3 OöIAHX xpeooBanini, 
HeöojibuiHe - nopaAKa AecaxicoB MHjuiHMexpoB. npH xaicnx pa3Mepax npHMeHeHHe xpaAHUHOHHbix 
curHajiraaxopoB AaBjienHfl, Hcnojib3yeMbix OöMHHO B HHAKOCXHMX peaicxHBHbix ABHraxcmix 
MajToM xara QKPR MT), HenpneivijieMO. Hx raöapnxbi iworyx npeBbiiuaxb pa3Mepbi caivioro 
ABuraxejia. KpoMe Toro, BBeAeHiie B KaMepy cropaHna ABHraxejia AOnojiHHxejibHbix nojiocxeii I 
yxyainaer xapaicxepHCXHKH ABHraxejia, CHHacaex HX Ha^OKHoexb. ' 

B oömeM cjiynae Ha Majibix KA Moiyr ycxaHaBjiHBaxbca H ABHraxejw opneHxauHH Apynix 
xwnoB - njia3MeHHbie , B03AyuiHbie. 

Pa6oxa peaicxHBHbix ABHraxejiefi conpoBO)KAaexcji pa3JiHHHbiMH 4)H3HHeCKHMH 

npoueccaMH - xenjioBbiMH, BHÖpauHOHHbiMH, a xaioice 3jieicxpo(j)H3HHecKHMH npoueccaMH - 
B03HHKHOBeHHeM sjieiopHHecKHx 3apjiAOB, nojiefi H xoKOB 1-2,3. 

KaK noKa3ajiH npeABapnxejibHbie paöoxbi, yHHBepcajibHbiM cnoco6oM KOHxpojia 
ABHraxejiefi opueHxauHH Majibix KA iwo>Kex 6bixb cnocoö, ocHOBaHHbifi Ha roMepemm 
napaiwexpoB 3JieicrpHHecKHx 3apaAOB H XOKOB ABHraxejra, HcxeicaiomHx c peaimiBHofi cxpyeii. 
npHneM AJIH KOCMHHCCKHX yonoBHfi xaicne XOKH HMeiox iwecxo np« paöoxe ABHraxejiefi Jifo6oro 
xnna - ~)KPJ\ MT, njia3MeHHbix, B03AyuiHbix. H3MepeHHe 3ap:siAOB H TOKOB BbiHoca Hanöojiee ■ 
uejiecoo6pa3HO BbinojiHHXb Ha ocHOBe n3MepeHHa napaiviexpoB nepeMeHHbix 3jieicxpHHecKnx HJIH ] 
MarHHXHbix nojiefi HMH BbBbiBaeMbix. 

OqeHKH H pe3yjibxaxbi npeAßapHxejibHbix cxeHAOBbix HcnbixaHHfi no3BOJi$iK>x 3aKJiK>Mnxb. 
HXO AaxHHKH noBepxHoexHoro . nojiH npn SXOM AOJISKHH HMexb nacxoxHbifi Anana30H 
Ao 10 KTH. B 3aBHCHMOCXH ox XHna ABHraxejiH AaxHHKH sjieKxpHnecKoro HJIH MarHHXHoro nojiefi 
Moryx Gbixb pa3JiHHHofi KOHCxpyicuHH. OAHaKO no ra6apHXHbiM pa3MepaM OHH cooxBexcxByiox 
raöapnxaM MHKpoABHraxejiefi opHenrauHH. OSIAHH Bee H3MepHxejibHoro KaHajia Ha OAHH 

ABHraxejib, B SXOM cjiynae, MO>Kex He npeBbimaxb 50-70 r. 



Contactless system for the control Attitude engines small space vehicle 

H.nyujKMH 
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(095) 513 1247, (095) 513 1460 

The monitoring system of operation of attitude engines space vehicle based 
on measurement of surface electrical or magnetic fields of liquid-propeilant rocket 
engines of a small thrust(LPRE ST) is offered. 

Overall dimensions of attitude engines the small space vehicle, proceeding 
from the general(common) requirements, small - about tens is cross-section. At such 
sizes the application of conventional warning indicators of pressure used usually in 
liquid-propeilant jet engines of a small thrust (LPRE ST), is unacceptable. Their 
overall dimensions can exceed the sizes of the engine. Besides the introduction in 
the combustion chamber of the engine of additional cavitces worsens the 
characteristics of the engine, reduces(descends) their reliability. 

In general(common) ease on small space vehicle can be installed and 
attitude engines of other types - plasma, air. The activity of jet engines is 
accompanied by various physical processes - thermal, vibrating(vibrational), and 
also eiectrophysiea! processes - origin of electrical charges, fields and currents 1, 2, 
3. As have shown preliminary activities, by a universal way of the control of attitude 
engines the small space vehicle can be a way based on measurement of 
parameters of electrical charges and currents of the engine, flowing out with a jet jet. 
And for space conditions such currents take place by activity of engines of any type 
- (LPRE ST) >KPfi MT, plasma, air. The measurement of charges and currents 
BbiHOca is most expedient to execute because of measurements of parameters of 
variable electrical or magnetic fields by them called. The evaluations and outcomes 
of preliminary bench tests allow to conclude, that the sensors surface magnetic or 
aneKTpMMecKoronora thus should have frequency band up to 10 KI"H. Depending on 
a type of the engine the sensors of electrical or magnetic fields can be of a various 
design. However on overall dimensions they correspond(meet) to overall 
dimensions of attitude engines. Gross weight of a measuring channel on one 
engine, in this case, can not exceed 50-70. 

The literature. 

1. rpeHMXMH n.M., riyuuKMH H.M. Influence caxeebix of partiöles on a thermodynamic 
condition of the heated up gases at various temperatures. // Mas. HIGH SCHOOL 
(OB) of sulfurs. Air engineering 1983 N§ 1, seconds 85-88. 

2. nyuuKMiH H.M. Dipole model of distribution of charges in a system " the engine - jet 
jet". // Foreign radio engineering. 1996 Ms 8, seconds 121-123. 

3. FlroflHMKQB O.A., BopQHOLp« A.B., nysuKMH H.M. Research of.an electrization of 
the nozzle LPR . // Physics of combustion and explosion. 1995 Ns 4, seconds 54=58. 

H.riyniKHH 



HcnojiKJOBaraie nparapraa cpyHKinioHajibHOH B3anMocBÄ3aHHocTH 
4>a30BHX KOOpflHHaX OÖbCKTa HCCJieflOBaHHH H He3aBHCHMOCTH 

BbIXOfla H3 CTpOJI H3MepHTejIbHHX SJieMeHTOB 

T.M.CyxoB, C.r.CyxoB 
Tocyn;apcTBeHHbiH KocMHqecKHH HayqHO-npoHSBOflCTBeHHbiH Hemp 

HM.M.B.XpyHiweBa 
rKHIIII HM. M.B.XpyHHHeBa 

121087,  MocKBa, yji. HoB03aBOflCKaa, 18 
Teji.: 142-59-21; <paKc: 956-2441 

npH   npOrH03HpOBaHHH   COCTOflHHa   CJIO)KHbIX   TeXHIWeCKHX   CHCTeM, 
Kor#a Hcnojib3yK)TCü napaMeTpbi pa3jiHqHOH (pH3H4ecKOH npnponbi, noxa 
He npeflCTaBJMeTC« B03MO5KHBIM HMeTb H3MepHTejIbHbie SJieMeHT (H3)  Bbl- 
coKOH cTeneHH HaaeacHocTH, ynoBjieTBOpflioiHHe BceM HeoöxonHMbiM Tpeöo- 
BaHiMM. 3TO MoxeT npHBO^HTb, HanpHMep, K He Bbmaqe fleHCTBHTejibHbix 
CHTHajIOB O COCTOÄHHH OÖbeKTOB KOHTpOJM (OK) IIpH ero HeHCnpaBHOCTH H 
Bbiflane jioxHbrx CHraajioB onacHocTH npH HOpMajibHOH paöore OK. 

CneinicpHHecKHe ocdöeHHoera pa#a TexHiraecKHX CHCTCM, orpaHHrae- 
HHH Ha ycjioBHH npoBefleHH« HcnbnaHHH, a Taoce TpeöoBamiH, npe^biiB- 
jweMbie K KanecxBy HX HpoBeneHHH, no3BOjraK>T BbmejiHTb Ha3BaHHoe Ha- 
npaßjieHHe paÖoTbi B caMOCTOjrrejibHyio npoÖJieMy HccjieflOBaHHH, pemeHHe 
KOTopoö flojDKHO ocHOBbiBaTbCH Ha (pyH^aMeHTajibHbix HayHHbix nojicoKe- 
HHHX, cBH3aHHbix c Teopnen CHCTeM, TeopHeü HaAeacHOCTH H ,ii;pyrHMH 
ocHOBonojiaraioiuHMH TeopHHMH pa3pa6oTKH TexmreecKHX CHCTCM. IIpH- 
HeM, BaacHeHHiHMH cjie,nyeT cMHTaTb nojiaaceHHH o cTpyicrype, jiornnecKOH 
OpraHH3aHHH,    MeTOflaX   H   CpeflCTBaX   CpOpMHpOBaHHH   CHCTeMbI,    KOTOpbie 
cneflyeT Hcnojib30BaTb mm penieHHa yica3aHHOH npoöjieMbi, ocoöeHHO B 

OÖjiaCTH aBTOMaTH3HpOBaKHOrO KOHTpOJW H HCnblTaHHH CJIOaKHblX TeXHH^e- 
CKHX CHCTeM, npHHeM B yicasaHHOH o6jiacTH flocTHrayTbi 3HaHHTejibHbie 
ycnexH [1, 2, 3 H jip.]. 

OflkaKO, o6biHHHe cnocoßw pe3epBHpOBaHHH, BKJHonaa H MaxopHTap- 
Hbie cxeMbi KOHTpojw, He peuiaa, HanpHMep, BonpocoB HeBbmaqn jioxHbix 
CHrHajIOB O HeHCnpaBHOCTH KOHTpOJIHpyeMOH CHCT6MH, OCOÖeHHO npH Hq- 
oöxozniMocTH   yBejiKraemra   HHCjia   KOHTpojinpyeMbix   napaMeTpoB,   pe3Ko 
yCJIOJKHHIOT   CHCTeMbI   KOHTpOJIfl   (CK),   HTO   npHBOßHT   K  B03paCTaHHK>   HX 
Beca, CTOHMOCTH, noipe6jweMOH MODJHOCTH, nponopHHOHajibHO HHCjiy ee 
SJieMeHTOB. 

IloÄXOfl; K peniemno paccMaTpHBaeMOH npoojieMbi BHfleH B Hcnojib3o- 
BaHHH caMonpoBepaeMbix cpeßCTB (pyHKUHOHajibHoro ßHarHocTHpoBaHHH, 
T.e. 6e3 npoBe^eHHH cnenHajibHbix TecroB HJIH HMHiauHH HencnpaBHbix co- 
CTOHHHH, HTO no3BOjraeT H36ea<:aTb flHarHOCTHHecKoro nporpaMMHoro o6ec- 
neneHHa, cBH3aHHoro c opraHH3anHeH npepbiBaroiH MSL noflann TecTOBbrx 
B03jj;eHCTBHH H aHajiroa pe3yjibTa.TOB KOHTpojia. Itejiecoo6pa3Ho Hcnojib30- 
Baib onwT, HaKomieHHbiH B pesyjibTare 4>yHflaMeHTajibHbix HccjieflOBaroiH 

r.CyxoB 



no TCMaTHKe CaMOnpOBepfleiVMX yCTpOHCTB H OTKa30B yCTOHHHBblX CHCTeM, 
a TaioKe OIIMT, nojiyqeHHbiH npn aHajiH3e oTKa3oycToiwHBWX cTpyicryp H 

CHCTeM. 
IlpefljiaraeMHH noffxofl K peineHmo nocTaBjieHnofi 3a,n;aHH ocHOBaH Ha 

B3aHMOCBH3aHHOCTH   HaH6ojiee   MyBCTBHTejIbHblX   K   H3MeHeHHK)   COCTO5IHHH 
o6i>eKTa napaMeTpoB Kompojifl H yneTe He3aBHCHMoera Bbixo^a H3 cTpoa 
H3-^aTHHKOB OK. MeTOfl KOHTpojw npe,n;nojiaraeT B03M0>KH0CTb MareMa- 
TiwecKoro onHcaena OK. no cBoen cymHocTH OH 6JIH30K K pe3epBHpoBa- 
HHK) c flpoÖHOH KpaTHOCTbio {4}, HO oTJiHHaeTCü OT nocjieflHero 6ojiee IHH- 

pOKOH OOJiaCTbK) npHMeHeHH« H COCTOHT B TOM, HTO Ha OCHOBaHHH MaTeMa- 
THraecKoro oiracaHH» OK cTpoHTCü MaTeMaTHHecKaa Moaejib, Bbixo^Hbie 
napaMCTpbi KOTopoti paBHbi JIHHCHHOH KOMÖHHauHH BbixoAHbix nepeMeH- 
Hbix OK. YKa3aHHbie paBeHCTBa MOXHO Hcnojib30BaTb fljra HenpepbiBHoro 
KOHTpojiH 3a pa6oToii OK H fljia nojiyqeHHH HHcpopMaiiHH o MecTe H Bejra- 
^HHe OUIH6OK, T.e. 3a CHCT HSöMTOHHOCTH B3aHMocBü3aHHbix Me3cny COöOH 

napaMeTpoB KOHTpojia, B npouecce HcnwTaHHH HMeeTca B03M0)KH0CTb no 
pe3yjibrraTaM H3MepeHHH Ha^ejKHO BbWBJiHTb cocTOHHHe o6beicra Hcane#o- 
BaHHH iipn HcnojTb3OBaH0H cpaBHHTejibHo MajioHaflexcHbix H3. Pa3pa6o- 
TaHHbiH MeTOfl KOHTpojia no3BOjraeT pa3jiEraaTb: HopMajibHoe COCTOHHHC 

OK, HeHcnpaBHoe cocroaHHe H3, name Bcero BCTpoeHHbix B OK, H Henc- 
npaBHoe COCTOHHHC CK. FIpirqeM BO3MO5KHM cjiyqan, Kor^a npn OT- 

cyrcTBHH cHTHajra Ha Bxoae H3 HMeeTCJi HariHHHe cnraajia Ha Bbixo^e H3 
H, HaoöopoT, npii HajiHTOH cnrHajia Ha Bxo/je M3 oTcyrcTByeT cHraaji Ha 

ero Bbixofle. 
B UejIOM MO>KHO 3aKJIKMHTb, HTO HCnOJIb30BaHHe yKa3aHHbIM o6pa30M 

npHHHima CpyHKHHOHajIbHOH B3aHMOCBJI3aHHOCTH Cpa30BbIX KOOpflHHaT 06b- 
eKTa   HCCJieflOBaHHH   H   He3aBHCHMOCTH   BbIXOfla   H3   CTpOfl   H3MepHTeJIbHbIX 
ajieMeHTOB, no3BOjiaeT oueHHTb HaHÖojiee pacnpocTpaHeHHbie cjiyqan oTKa- 
3a CHCTeM "O&beKT KOHTpojiü Moaejib o&beKTa KOHTPOJM" H Ha HOBOM Ka- 
MecTBeHHOM ypoBHe cTpoHTb cxeMbi KOHTpojra o6beKTOB HcnbiTaHHH c no- 
BbiuieHHOH CTeneHbio Ha/ueaoaocTH. 

T.CyxoB 



HH4>opMau;HOHHo-ynpaBJiiöoiij;HH KOMiuieKc fljia Majiwx KA 

KajiHHHH A.cp., IÜHiuaHOB A.B. 
HHH IOTHMX npHÖOpOB 

127490, r.MocKBa, KOPJIOBCKHH npoe3^, 1 
(paicc 404-79-66 

AHajiH3HpyK>TCH (pyHKijHH cpeflCTB aBTOMaTH3HpoBaHHoro ynpaBJieHHa 
KocMiraecBCHMH aniiapaTaMH (KA) H cnennajibHbix (nejieBbix) KOMIUICKCOB 

KOCMHHeCKHX   CHCTeM   (KC)    H   OÖOCHOBblBaeTCÜ   TaKTHKO-TeXHHHeCKaH   H 
SKOHOMiwecKaii nejiecoo6pa3HocTb HHTerpannn (pyrncnnti H cpe^cTB aBTo- 
MaTH3HpoBaHHoro ynpaBjieHHH KA H cnenHajibHbix KOMiuieKcoB KC BOO6- 

me H oco6eHHo npMMeHHTejibHo K MajiMM KocMHraecKHM annapaTaM 
(MKA). 

IlpH 3TOM noH3THe HHTerpauHH oxBaTMBaeT: 
- ppcTWKemie (pyHKUHOHaribHoro H HHcpopMannoHHoro eflHHCTBa 

npoueccoB iuiaHHpoBaHira nejieBbix 3ajisn H peajiH3au;HH 3a,naH aBTOMaTH3H- 
poßaHHoro ynpaB.ieHH« KA.; 

- opraHH3aiiHOHHoe H TexHHHecKoe o6be,a,HHeHHe nponecca pememw 
3aaan KOMaHflHo-nporpaMMHo-KOHTpojibHoro (KEtKO), HaBnranHOHHo- 
GajijiHcxiwecKoro (HBO) H HHCpopMannoHHO-TejieMeTpiraecKoro o6ecneqe- 
HHJi (HTO) aBTOMaTH3HpoBaHHoro ynpaBJieHiw KA; 

- MHOrOCpyHKUHOHajIbHOCTb COBMemeHHMX KOCMineCKHX paflHOJIHHHH; 
- Hcnojib30BaHHe B Ha3eMHoft H ßopTOBoö annapaType KA e^HHbix 

(nojiHocTbio HjiH nacTHHHo) nporpaMMHO-annapaTHbix cpe^cTB, oöecneqn- 
Baionmx aBTOMaTH3HpoßaHHoe ynpaBjieHHe KA n nepeaaliy cnennajibHOH 
KOCMHMeCKOH    HH(pOpMaiI,HH   B   HenOCpeflCTBeHHOM    H   peTpaHCJIHIIHOHHOM 
(nepe3  ciryTHHKM-peTpaHCJurropbi) peacHMax; 

- TeppHTopHajibHoe coBMenjeHne paaHOTexmrqecKHX H BbiracjiHTejib- 
Hbix cpe^cTB Ha3eMHOH HHcppacTpyKiypbi KC; 

- yHHcpHKaiuno nporpaMMHO-annapaTHbix cpe^cTB aBTOMara3HpoBaH- 
Horo ynpaBJieHHü KA n nepe/iara cnennajibHOH KocMH^ecKOH HHcpopMa- 
miH pasjiHHHbix no Ha3HaMeHHio KC. 

OÖjiacTb nepeceneHna cpypiKUHH H cpe^cTB peajiH3annH 3aaan aBTOMa- 
TH3HpoBaHHoro ynpaBjieHira (AY) KA n cnennajibHoro KOMnjiexca (CK) 
KC onpeflejieHa KaK HHcpopManHOHHO-ynpaBjraioinHH KOMnjieKC (MYK). 

FIpefljiaraeTCH BapnaHT nocTpoerara 6opTOBoro HYK MKA, B KOTopoM 
B KanecTBe CMCHHOH nojie3HOH Harpy3KH MKA paccMOTpeH MajioraöapHT- 
HbiH pa^HojioKaTop c cHHTe3npoBaHHeM anepTypbi. 

Ha3eMHbiH HYK MKA npe^jiaraeTca B nepeB03HM0, jierKo pa3Bopa- 
^IHBaeMOM HCnOJIHeHHH. 

npoBe^eHa cpaBHHTejibHaa oneHKa CTOHMOCTH saoHeHHoro nnKfia 
npe^jiaraeMoro Ha3eMHoro HYK MKA H cymecTByiomHX cpe#CTB aBTOMa- 
TH3HpoBaHHoro ynpaBJieHira KA H nojiyneHna nejieBon KocMiraecKoö HH- 

(popMaHHH, no^TBepwtaiomaH SKOHOMHHecKyio n;ejiecoo6pa3HocTb BHeape- 
HH5I jym MKA HHTerpHpoßaHHoro HYK. 

A.KajIHHHH 



Information and Control Complex 
for Small Spacecraft 

Kalinin A.F, Shishanov A.F., 
Scientific and Research Institute of Precise Instruments 

127490, Moscow, Yurlovsky proezd, 1 
Fax: 404-7966 

Functions of spacecraft (SC) automated control means an of special 
(mission - oriented) complexes of systems (SS) are analyzed, as well as 
technical and economical axpediency of integration of spacecraft control 
means and functions and special complexes of space systems in general and 
those related to small spececraft (SSC) in particular is substantiated. 

Therewith the notion of integration envelopes the following: 
- achievement of function and information unity of mission task planning 

and SC automated control task implementation processes; 
- organization and technical unification of the process of solution of 

command-program - control (CFCS), navigation - ballistics (NBS) and 
information - telemetry (ITS) support task for automated control; 

- multifunctionality of combined space radiolines; 
- use in ground and SC on-board electronics of the unified (fully of partly) 

hard and software ensuing SC automated control and special spac 
information transmission in direct or relay (via relay satellites) modes; 

- territorial combination of radiotechnical and computational means of SS 
ground infrastructure; 

- unification of and software for SC automated contol and special space 
information transmission of SC for various purposes. 

The area of intersection between functions and means for implementation 
of tasks for SC automated control (AC) and special complex of SS is defined 
as information and control complex (ICC). 

A version of on - board ICC desigr for SSC is suggested, in which a 
compact synthetic aperture radar is a replaceable SSC payload/ 

Ground SSC ICC is suggested as a transportable, easily deployable version. 
Comparative life - cycle cost estimation of the suggested ground SSC ICC 

and the existing means for SC automated control and obtaining of purpose - 
oriented space information, proving economical axpediency of integrated 
ICC for SSC implementation, has been performed. 

A. Kalinin 



riepcneiCTHimaH öopTOBan 3HepreTHKa AJIH KOCMHHewcoft TCXHHKM 

AKHMOB B.H., ra^apOB A.A., TyöepTOB A.M., KopHHJioB B.H., npHuuieuoB A.B. 
■'MccjieaoBaTejibCKHH ueuxp HM. M.B.Kejmbiuia, r.MocKBa 

Ha coBpeMeHHOM axane pa3BHXH*  KOCMH^ecKOH  xexHHKH  HaHÖojiee  HCTKO 

o6o3HaHHJiHCb flBe ocHOBHbie xeHfleHUHH, npHBefleHHbie Ha pHC. 1: 
- AajibHeauiee    pacuiHpeHHe    cJjyHKUHOHajibHbix    B03MOÄHOCxeS    ueneBOÜ 

annapaTypw Ha sKcnnyaxHpyeMbix HJIH roTOBbix K sKcniiyaxauHH xpaaHUHOHHbix KA 
H,  KaK CJieflCTBHC pOCT  MOUIHOCTH,  SHeprOBOOpyHCeHHOCXH  KA H CpOKOB  aKTHBHOrO 
CymeCTBOBaHHS. 3x0 npHBOflHT K Heo6xOflHMOCTH yBeJIHHeHHS MOIUHOCXH COJIH^HblX 
öaxapeä,   CMKOCTH   HaKonHxenefi   sHeprnn   H   CTHMyjmpyer   nepexoa   Ha   6o;iee 
3$4>eKTHBHbie THnu cHCxeM 3JieKTpocHa6)KeHHfl (C3C) Kax Ha ocHOBe yjiynuieHHOfi. 
xeXHOJIOHiH H KOHCTpyKUHH CyiueCXByiOmHX COCXaBJWKHHHX ee SJieMeHTOB, Tax H Ha 

6a3e ocBoeHHsi HOBWX xexHOJiorafi KjnoneBbix sjievieHXOB;r 

- pacuiHpeHHe MacuiTa6oB HcnomaoBaHiw Majibix KA HOBoro noKOJieHHa am 
peuieHHH npHKJiaflHbix H HayHHbix aasan (B nepByw onepeflb 3TO CHCxeMbi rao6ajibHofi 
CBSWH M Ha6jnoüeHH« 3eMJiH) Ha ocHOBe MHHnaxiopHOH ueneBOH annapaTypbi HOBMX 

pa3pa6oTOK, K 3HeprexHKe KOTopbix npeawiBJWWTca noBHUieHHwe xpeoOBaHH* no 
yaejibHbiM 3HeproMaccora6apnTHbiM xapaicxepiicxHKaM H ocoöeHHO no pecypcy (3-10 

- jieT am. HH3KO- H cpejtHeop6HTejibHbix KA). 
Bee 3TO cTHMyjiHpyeT pa3pa6oTKy cosaaHH» HOBWX xexHOjiorao KjnoqeBbix 

3JieMeHTOB CHCXeM 3JieKTpOCHa6>KeHHSl. 
Ha   pHC.2       npMBejieHa   HOMeHKJiaxypa   OCHOBHMX   wnoieBbix   3JieMeHXOB 

Pa3JIHHHbIX THHOB C3C K3K aJlH COBpeMeHHblX TpaflHUHOHHMX KA, T3K H flJIH MajIblX 
KA HOBoro noKoneHiw oxeqecxBeHHon H 3apy6eacHOH pa3pa6oTKH. HoKasaHO, HTO 

OCHOBy C3C B 3aBHCHMOCTH OT CpOKOB aKXHBHOrO cymeCTBOBaHHH, ypoBHa nOXpe6HOH 
MoiHHOcTH, 4)aKTopoB OKpyAaiomero KocMHHecKoro npocxpaHCTBa H x.a. cocrawwioT 
OflHOpa30Bbie    XHMHHeCKHe    HCTOHHHKH    TOKa   .(HJW    CnyCKaeMMX    30HflOB    H    KA    c. 
orpaHHMeHHbiM   pecypcoM),   cojiHenHbie  6axapeH   H   HaKonHTejiH  SHeprHH   B  BHae 
XHMHHecKHX aKKyMyxwTopHbix 6axapefi (OCHOBHOH ran 3HeprexHKH AM KA), a xaioKe 

' paaHOH30TonHbie    xepMosjieicxpHHecKHe    reHepaTopbi    TOKa    Ha    roiyroHHH-238 
(Me>KnjiaHeTHbie   KA  am   HccnwoBaHiw   oTÄaneHHbix   miaHex   H   xeji   coraeMHOH 

CHcreMbi). 
Ha coBpeMeHHOM sxane pa3BHxwi oxenecxBeHHOH KOCMHnecKOH 3HeprexHKH 

OCHOBHbIM THHOM C3C HBJWexca 3HeprOCHCTeMa Ha OCHOB6 KpeMHHeBblX COJIHeMHblX 
6axapeft a axKyMyjWTopHbix 6axapeM Ha ocHOBe sjieKxpoxHMHHecKHX cwcxeM cepe6po- 
UHHK, HHKejib-KaÄMHÖ H HHKenb-BOflopofl. Ha BbicoKOopÖH'rajibHbix KA, wonoMaa 
reocTauHOHapHbie, B nocjieflHee BpeMa cxanH uiHpoKO HcnojibSOBaxbca HHKenb- 
BOÄoportHbie aKKyMyjiaxopHbie 6axapeH, HMeiouiHe HaHÖojibuiHÖ pecypc cpe^H 

H3BecxHbix xHnoB HaKonHxejieft sHeprHH. 
CymecxBeHHO uiHpe HOMeHKJiaxypa C3C Ha aMepHKaHCKHX KA. HOMHMO 

xpa^HUHOHHOÖ SHeprexHKH uiHpoko Hcnojibsyioxca Ha xpaHcnopxHbix MHoropasoBbix 
Kopa6jiax "CneBc IHaxxn" BOflopoa-KHCnopoÄHbie aneicTpoxHMHHecicHe reHepaxopw 
xoKa v, am HccjieÄOBaHH« aajibHHx njiaHer^paflHOHsoronHHe SHeproycxaHOBKH c 
xepMOj.ieKxpHHecKHM npeo6pa30BaHHeM 3HeprHH. OCHOBHOä XHH C3C - KpeMHHCBbie 

conHeqHbie 6axapew H HHKenb-BOÄopoOTwe aiocyMyjWTOpw. 

B. AKHMOB 



Ha zipyrHX 3apy6e»Hbix KA OCHOBHOH XHH C3C sxo xaioxe KpeMHaeBwe 
ccwmeHHwe 6axapeH H mncejib-icaÄMHeBbie axKyMyjiaxopHbie 6axapen. Ha nocjieamix 
MoflH(|)HKauHHx CBJBHMX reocxauHOHapHbix KA HcnönwywrcH HHK«aib-BOÄopöÄHbie' 

AB. ■■      .- 
Ha piwe oTenecraeHHbix H. 3apy6e»Hwx KA npHMeiwioT xaicxe 6ojiee aoporne, 

HO 3<Jx|)eKTHBHbie apceHHfl-raririHeBbie conHeiHbie 6axapeH. 
OCHOBOÖ       ÖOpXOBOH       KOCMHieCKOfi ..    SHepreXHKH       HBJIHIOXCa       COJIHeMHbie 

3HeproycTaHOBKH Ha 6a3e COJIHOTHMX 6axapefi (cojiHeiHwe 3JieMeHxbi M KpeMHH* H 

apceHiw-rajDiHa) H pauiHiHbie THIIM aiacyMyjiaxopHbix 6axapeä (Hfflcejib-KaÄMHeBbie H 

HHKeHb-BOÄopoaHbie    aKKyMyjwTopbi    VW    Bcex    THHOB    OP6HT    H    HaaHaneHHH 

ÄOJiropecypcHbix KA). . 
Ha pwc.3-5 noKasaHbi, B Kanecxße npHMepa, pocT MOIUHOCXH C3G, yBenimeHHe 

cpoKOB pacHCTHoro pecypca H- pocT sHeproBOopyaceHHOCXH KA WM xpaÄHUHOKHbix 
(CBK3HWX) OTeiecTBeHHHbix H 3apy6e>KHbix reocxauHOHapHbix annapaTOB. 3a nePHOÄ 

1980-2000 r.r. Harjuuwo BHAHO, HTO npHMepHO c cepwHHH 80-x ro^OB nporaouieji 
KanecTBeHHbiH CKBHOK B xapaKxepucxHKax 3apy6e>KHbix CBJBHMX KA. 3xo ciupaHO B 

nepßyio oiepe^b co cjieayioiii.HMH (JiaKxaMH: 
1) BHeapeHHe HHKejib-BOflopoaHbix AB c 1983 r. Ha KOMMepnecKHX 

reocxauHOHapHbix KA (sxo oöecneniüio pacqeTHwfi pecypc KA 10-15 Jiex), 
2) naxibHeHiuee coBepuieHCXBOBaHHe KpeMHHeBwx cojiHeHHbix sjieMeirxoB 

(cHHxeHne ToniUHHbi ' sneMeHxa, noBHUiemie paanauHOHHoä CXOHKOCXH, 

coBepuieHCTBOBaHHe COTOBHX naHenefi H x.a.), 
3) BHeapeHHe c 1988 r. HOBMX THHOB BbicoKOSCpipeKXHBHbix reTepocTpyKTypHbix 

cojiHeHHbix 3JieMeHTOB H3 apceHHÄ-rajuraa Ha pasJiHHHbix nonnojKKax, B TOM HHcne 
oco6eHHO Ha repMaHHH (H3-3a ysejiHHeHHH KIIR c 14% w* KpeMHK* flo 
MaKCHMaxibHoro aHaneHH« 22% AJW apcerow-raJirow pocx yaenbHOH MOIUHOCXH 

npHMepHOB l,5pa3a). 
Ha pHc.6 B noÄTBepaweHHe K cicasaHHOMy noKasano, MXO ecnH B KOHue «U-x 

roztoB HHCJio 3apy6e3KHMX KA c HHKexib-BOflopoaHOH öaxapeeö na 6opxy cocxas/iano 
npHMepHO oztHy xpexb ox o6mero HHcxia Bcex reocxauHOHapHbix annapaxoB, xo c 
cepejtHHbi 90-x rouoB sxo yace noaaBJWiomee 6ojibiUHHCXBO. 

Pocx MOIUHOCXH C3C H yBeroweHHe pacnexHoro pecypca KA ao 10-15 Jiex B 

nepByro OMepe^b HenocpeacraeHHO CBJoaHM c KOMMepnecKHM xapaKxepoM 
HcnoxibsyeMbix CBJBHMX cnyxHHKOB nm noxpeOHxejiefi (sxo ysexiHHCHne paÄHO H 

xeiietpoHHbix KaHaxioB, BBeÄeHHe CHCXCMH HenocpeacxBeHHoro xejiesemaHH«, pocx 

HHcxia pexpaHCJiaxopoB H HX MOIUHOCXH Ha 6opxy H X.ä.). 
Ha npHBejieHHOM pHC.5 XHüH^HMH ypOBeHb sHeproBOopyaceHHOcxH 

oxeMecxseHHbix BbicoKOopÖHxejibHbix KA c Hanajia 80-x roÄOB uo cepQÄHHW 90-x 
roaoB cocxaBJiHJi 0,5-1,0 Bx/Kr, anaxiornHHWH jun 3apy6e»Hbix KA 0,8-2,0 BT/KT. K 
2000 r. 3HeproBoopy»eHHOCTb oxeHecxBeHHbix KA HOBoro noKoneHiw (äMM, 

3Kcnpecc-2000, SESAT H ap.) 6yflex HaxoÄHXbca B OTanaaoHe 2-3,4 BX/KT. 

HeoöxOÄHMO oxMexHXb,     MXO    pocx     noxpeÖHOH     MOIMHOCXH     C3C 
reocxauHOHapHbix KA B nocneHHHe ro«M o6ycnoBJieH xaK>Ke nPHMeHeHHeM 

3JieKxpopaKexHbix ÄBHraxejibHbix ycxaHOBOK um KoppeKHHH cxa6HJiH3auHH KA Ha 
3aÄaHHofl xoHKe OP6HTH c BbicoKoB TOHHOCTMO, OT« paöoxbi Koxopbix xpe6yexcH 

MoiuHOCxb nopaflKa HecKOJibKHX KBX. 

B.AKHMOB 



OoteKTHBHOH 3aKOHOMepHOH TeHfleHUHeft coBpeMeHHoro 3Tana KOCMHWCKOH 

ÄeaTejibHocTM B MHpe aiuMe-rca pa3icoe- pacumpeHHe pa6oT no co3flaHHK> H 

Hcnonb30BaHHK) Majifaix KA HOBoro noi<ojieHH». 
XapaKTepHOH  OCo6eHHOCTbIO  6opTOBOH  3HepreTHKH  WIH  MajIblX  KA  HBJIHeTCH 

HanHHue oqeHb BMCOKHX Tpe6oBaHHH no ynejibHbiM 3HeproMaccora6apMTHbiM 
xapaKTepHCTHKaM Hap$my c yace yriOMJmyTbiM ÄJiHTeubHbiM pecypcoM Ha HH3KHX H 

cpeflHHX op6nTax.   3TO   Harjuymo   BHOHO   TaioKe   H3   ^aHHbix   pnc.5,   rfle 
3HeproBOopy)KeHHOCTb yace 3anymeHHHX HUH nnaHHpyeMbix K 3anycKy B nepHO# 1995- 
1997 r.r. Manbix KA raoöajibHbix cnyTHHKOBbix CHCTOM Orbcomm, Iridium H 

Globalstar cocTaBJwer npHMepHO 1,75-5 BT/KT, a «ra npoeKTa Teledesic no 
npeaBapHTejibHbiM #aHHbiM paBHa 8,3 BT/Kr Ha KOHeu aecaTHJieTHero pecypca. 3TO 

aocTHrHyTO npHMeHeHHeM, B nepßyro pHepe^b, C3C Ha ocHOBe BwcoKoa^eicrHBHbix 
reTepocxpyKTypHbix   apceHHU-raJumeBbix   cojiHeMHbix   3JieMeHTOB   Ha   oöjier^eHHbix 
nOflJIO)KKaX H HHKejrib-BOflOpOflHblX AB HOBblX KOHCTpyKTHBHblX cxeM H TeXHOJIOrHH. 

Ha pHC.7 npeflCTaaneHbi cpaBHHrejibHbie xapaicrepHCTHKH ocHOBHbix 3JieMeHTOB 
C3C Rim OTeqecTBeHHbix H 3apy6ejKHbix (CUIA) KA. H3 paccMOTpeHH« 
npeflCTaßneHHbix ^aHHbix QTMenaeTca onpe^eneHHOe OTcraBaHHe OTenecTBeHHbix 
sjieMeHTOB C3C no pecypcy (oco6eHHo) H no ynejibHbiM sHepreTHHecKHM 
xapaKTepHCTHKaM. Ha ceroxmauiHHH fleHb Hanöojiee aKTyanbHWMH ana C3C 
oTenecTBeHHbix KA npoflOJiacaiOT ocraBaTbCH npo6jieMbi yBeaiHHeHHH 
rapaHTHpoBaHHoro pecypca C3C c qejibio noBbimeHHH cpoKOB aKTHBHoro 
cymecTBOBanHH KA «o 7-10 JieT H 6ojiee win BbicoKOOpÖHTanbHbix H reocTauHOHapHbix 
annapaxoB H «O 3-5 JieT jxjia HH3K0op6HTajibHbix, noBbiuieHHH yaejibHbix 
xapaKTepHCTHK KjnoneBbix 3.neMeHTOB C3C H C3C B UCJIOM Ha KOHeu pecypca H 

CTOHKOCTH     K     OCHOBHbl-M     (|)aKTOpaM     KOCMHHeCKOrO     IIpOCTpaHCTBa     (pa^HauHfl, 
TepMOUHKJIHpOBaHHe H TJI.). 

OcHOBHbie nyTH ynymiieHH* KJironeBbix 3JieMeHTOB C3C noKa3aHbi Ha pHC.8. 
PaCCMOTpHM KpaTKO COCTOJIHHe H nepcneKTHBbl pa3BHTH« KJUOHeBblX 3JieMSHTOB 

6opTOBOH 3HepreTHKH     (conHeiHwe sjiewieHTbi,  aiacyMyjMTopbi H 6aTapen  na HX 

OCHOBC). 
B Haeroamee BpeMa Ha KA npHMeHaioTCJi njiaHapHbie (nnocKHe) cojiHe^Hbie 

6axapen Ha ocHOBe MOHOKpHCTajuinnecKoro KpeMHHa, apceHHoa rajuiiw (orpaHHneHo) 
H $oc$w& HHflHa (oflHH HnoHCKHH KA) . B noaieflHee BpeMH Ha 3apy6e>KHbix KA 
cTajiH ncnojib30BaTbca reTepocTpyi<TypHbie apceHHfl-rajniHeBbie cojmeHHbie sjieMeHTbi 
Ha noflnoaocax H3 apcemwa rajuiHH H repMaHHa, npnneM nocneßHHH ™n HBJiseTca 
HaHÖojiee npejmoHTHTejibHbiM. OCHOBOH COJIHCHHOH 6aTapeH ABJiaeTCH nanejib B BH^e 
KapKaCHO-paMOHHOH    KOHCTpyKUHH    C    HeCyiHeÖ    nOBepXHOCTbK)    B    BHfle    CCTKH    HJIH 
nojioTHa      CTpyH   (oTe^ecTBeHHbie   pa3pa6oTKH),   äCCTKHX   COTOBHX   H   TH6KHX 

KOHCTpyKHHH   (3apy6e>KHbie   KA).    KapKacHO-ceroHHbie   KOHCTpyKUHH    Han6ojiee 
3Cp<|>eKTHBHbI       ßJW       npHMeHeHH«       COJIHeHHblX       3JieMeHTOB       C       ÄByXCTOpOHHefl 
HyBCTBHTeJIbHOCTbK) flJM HH3KOOp6HTejIbHblX KA. 

Ha    pHC.9    noKa3aHbi    ocHOBHbie    nanpaBJieHH«    pa3BHTHji    KOCMHH6CKOH 

$OT03HepreTHKH. 
OTestecTBeHHbie pa3pa6oTKH «ojKKHbi 6biTb HanpaBJieHbi Ha co3^aHHe JiencHx, 

»ecTKHX nonjioaceic Ha ocHOBe COTOBWX KOHCTpyKUHH H SecKapKacHbix naHejiefi Ha 
TH6KOH Hecymen noflnojKKe ana HcnoJib30BaHHa TOHKHX H cBepXTOHKHx cojiHeMHbix 
SJieMCHTOB   TOJHHHHOH   50-100   MKM   (HX   HeJIb3fl   H3-3a   XpynKOCTH   HCnOJIb30BaTb      B 
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paMOHHOH  KOHCXpVKIJHH   C  CeTKOÖ)  C  ueJIbK)  flOCTHXeHHJI   yflejIbHblX  xapaKTepHCTHK 
cojiHeHHOH 6aTapeH 1,5-2,0 Kr/M2 H 60-80 BT/Kr. 

^pe3BbiqaHHO Ba^HO npOBeaeHHe pa6oT c HcnoJib30BaHHeM HOBOH xexHojiorHH 
BbipaiUHBaHHa      XOHKHX      nneHOK      Mexo,aoM      ra3o4>a3Hofi      snHxaKCHH      m 
MeTaJIJIOOpraHHHeCKHX COeOTHeHHH AIM pa3pa60TKH H C03flaHH51 BbICOK03(t>4>eKXHBHbIX 
cojiHeqHbix 3JieMenTOB aa OCHOBB rexepocxpyicxyp apceHH^a raruiHa Ha npoHHbix H 

fleuieBbix noflJioHCKax H3 repMaHHH H Kpevmna H MHOrocjioÖHbix KacicaziHbix sjieMenxoB 
Kax mix oßbiHHoro npHMeHeHHH, TaK H B ycJiOBHHX BMCOKOH KOHueHXpauHH 

cojiHeqHoro noTOKa. 
OTenecTBeHHbie pa3pa6oxicH aKKyMyrwxopoB H aKKyMyjwxopHbix 6axapefi 

(pnc.10) äOJDKHM 6biTb HanpaBTOHbi Ha AajibHeömee coBepuieHCTBOBaHHe HHKejib- 
KaZlMHeBblX   H    HHKeJlb-BOflOpOOTblX   aKKyMyJIHTOpOB   B   HHÄHBHflyaJIbHOM   KOpnyce. 
Cpe^H HOBbix pa3pa6oTOK HaHÖonee npoflBHHyxw paÖOTbi no HHKejib-BOflopoaHbiM 
AB B o6meM KOpnyce c ncnojib30BaHHeM TexHOJiorHH KOCMHHBCKHX BoaopoaHO- 
KHCJIOpOflHblX    3JieKTpOXHMHqeCKHX    reHepaXOpOB,    Be^eTC«    nOÄTOTOBKa    K    JieTHbIM 
HcnwTaHHHM 3Hepro6jioi<a Ha ocHOBe cepHO-HaxpHeBbix aKKyMyjwxopOB. B HanaitbHOH 

cTaflHH pa6oTbi no JinxHeBbiM aKKyMyJWTopaM. 
BbicoKHe 3aTpaTbi Ha BUBeneinie KA Ha paöoHHe op6HXbi, Goxtee nojioBHHbi 

KOTopbix «BJiaioTCfl BbicoK03HepreTHMecKHMH (reocTauHOHapHaa, BbicoKoajuienxHHec- 
KHe, BbicoKHe KpyroBbie op6HXbi), B 3HaHHfeiibHOH Mepe cznepxHBaiox pacumpeHHe 
MacuiTa6oB Hcnojxb30BaHH*i KA pa3JiHHHoro Ha3HaieiflM. TIOHCK nyxefi CHH&emw 
3axpax Ha BbiBeaeHHe KA Ha BbicoKHe paöoHHe opÖHXbi jrararexcH Kpafine aKxyajibHHM. 

CymecxBeHHoe riOBbiuieHHe uejieBofi a^eKXHBHOcxH KA Moxex 6bixb 
oöecneneHO 3a ciex npHMeHeHHH co^HenHbix sHeproflBHraxenbHbix ycxaHOBOK, KaK 
Han6ojiee npojrBHHyxbix, B pa3pa6oxKe cncxeM B cocxaBe xpaHcnopxHO- 
3HeprexHHecKHX Moayneo. Bo3MO>KHbi flBa ocuoBHbix XHna MojryjieK Ha 6a3e 
cojiHeHHbix SHeproOTHraxejibHbix ycxaHOBOK: 

- aBXOHOMHaa 3Y H MapmeBaa SPßY. 
- 6HMOAajibHaa 3Y, B Koxopoä o6ecneHHBaexcH peacHM paöoxbi xenjiOBoro 

paKeTHoro ßBHraxejia c BOflopoflOM B icanecxBe pa6onero xejia, H pexcHM pa6oxbi 
XpaflHUHOHHOH C3C. 

npHHUHnnajibHOH oco6eHHOcxbio xaKofi cxeMbi «Bjiaexca, HCXOZW H3 peanbHbix 
B03MO>KHOcxeH no pacnojiaraeMOH sHeprexHKe, HH3KHH ypoBeHb pacnojiaraeMbix xar, 
HXO npejionpeflejwex 3Ha<mxejibHoe BpeMH nepenexa c onopHOH HH3KOH op6HXbi Ha 
pa6oiyio (zpifl TCO 3xo HcnejiH H Mecaubi). 

CoBpeMeHHbiH ypoBeHb OTenecxBeHHbix H 3apy6e>KHbix pa3pa6oxoK B o6jiacxH 
KOCMH^ecKOH $oxo3JieKxpHHecKofi 3HeprexHKH no3BOJiaex oueHHXb napaMexpw 
xpaHcnopTHO-3HeprexHHecKHX MOflyjiefi Ha ocHOBe SPßY H CB. KrnOHeBofi npo6jieMofi 
HBJKiexca pa3pa6oxKa H co3,naHHe MOLUHOö paflHanHOHHOcxoHKOÖ CB c BWCOKHMH 

y^ejibHbiMH 3HeproMaccoBbiMH xapaKxepHcxHKaMH. TaKHe paöoxbi npoBOflHJiHCb c 70-x 
roflOB B CIIIA H npHBejiH K co3,aaHHK> TH6KHX naHejieiä c Hecymeö noanoacKOH H3 
nojiHaMHflHofi njieHKH KanxoH, nocjiy^HBUien OCHOBOH JWW CB aMepHKaHCKoro 
cerMeHxa MejKÄyHapoflHoä KOCMHHecKOH cxaHUHH. B Hacxosmee Bpevia B paMKax 
npoeKxa APSA (Advanced Photovoltaic Solar Array) co3,oaHa 6a30Baa KOHCxpyKmw 
CB   MOlilHOCXbK)   OKOJIO    12   KBx   Ha   OCHOBe   KpeMHHeBblX   COJIHeHHWX   3JieMeHXOB   H 
3ainnxHbix cxeKOJi win   reocxaunoHapHbix KA   c yoeJibHoö MomHOCxbK) 130 BX/KT 

(coBpeMeHHHH ypoBeHb oxenecxBeHHbix CB 20-25 BxAcr, 3apy6e^Hbix   no 60 Bx/Kr). 

B.AKHMOB 



Behexe* noOToromca K nexHOMy 3KcnePHMeHxy B paMicax nporpaMMbi    ELITF c 

npHMeHSHHe     TOHKHX      H      CBepXTOHKHX      BblCOkoat^eKTHBHblX      COHHeHHb.X 
—XOB xnna GaAs, GaAs/Ge, JnP Hapw c up^n^eu oo^eHHbrx COXOBHX 

HJIH FHöKHX noOToMcy»HOH MaccoH 1-2 KF/M2 oöecneHHT ™cxH>KeHHe 
yÄCTbHOHMomHOCTHCB He Menee 60-100 BT/KF. ] ÄOCTH>KeHHe 

B nocjiesHHe ro^bi 3a py6e>KOM pacuiHpaioxca HccjiesosaHH* no cojmeHHbiM 
ÖHMOflaHbHbiM aHepro^BHraxenbHbiM ycxanoBKaM. B nacxoamee BpeMa pa6oxb, B 

ClIIA Beayxc* UIHPOKOH KoonepauHeö H HanpaBJieHH Ha 3KcnepHMeHxajibHoe 
noaxBep>KÄeHHe peajiH3yeMocXH oKHflaeMbix xapaKxepucxHK. 

B POCCHH B nocjieflHHe ro^bi xaicke Hanaxbi pacHCTHo-feopexHHecKHe 
HccjieflOBaHi« H KOHuenxyajibHbie npopaöoxKH no 6HMoÄajibHbiM 3#y paajiHHHbix 
cxeM. Co3ÄaHHe COJIH^HMX 3HeproOTHraxejibHbix ycxaHOBOK cymecxBenno pacuiHpaex 
BOMIOXCHOCTH npHMeneHHa PH cpeOTero KJiacca "Pycb" H no3BOJiaex Hcnojib30Baxb 
xocMOflpoM Iljiecemc am BbiBeaeHH* KA Ha TCO. 

B ycjiOBiwx >KecxKO orpaHHneHHoro rocy^apcxBeHHoro cpHHaHCHposaHHa 
npewraraexcH CKOHueHxpnpoBaxb    yciunui    Ha    rae^yioutfa    npHopHxexHbix 
HanpaB*eHHax 6OPTOBOH 3HeprexHKH, passHXHe Koxopux 6yaex cymecxseHHO BJIMSXB 

Ha nporpecc B 6OPXOBOH aHeprexiuce H BOSMOXHOCXB no^epKaHHH BBICOKOFO ypoBiw 
KOHxypenxocnocoGHOcxH oxeqecxBenHb.x KA Ha ptiHKe KOCMHnecKHX ycjryr 3TH 
.HanpamieHM H oxcHflaeMwe pe3yjrbxaxw npe^cxaBJieHbi na pwc. 12. 

B.AKHMOB 





OCHOBHME 3JIEMEHTM C3C 

Tpa^HUHOKHtie KA 

Ha6jiK)Ä€HHe 3€MJIH, ■ 
Hccie,aoiBaH»e npnpo/Wbiix 
pecypeoB cyiiiH H Mop:a, #33: 
HH3KO- H cpejjHeopÖHiaJibHbie 

BMCOKOOpßHTaJIhHfcie 

• Mereopo.ioraa, naBurauHH, 
reofle3Hfl: 
cpeAHeopSmajifcHbie 
Bi.icoKoopßHTa.'SbHfcie (BKO, TCO) 

• CBH3b H peTpaHCfHuna 
HH(pOpMai]HH: 
cpe^Heopßnra-ibHbie 
Bb»coKoop6HTaJibHbie (B30, TCO) 

• iiayHiibie «Jrj iwaMem iuibHbte 
HccieaoBaHKs: 
OKOJTOWMHbie OpOHTbl 

\ 
MeJouiaHCTHbie Tpacew, 
cnycKaeMfcie SOHJIM 

• nHbioTHpyeMbie KOManeKCbi: 
TpaHcnopTHbie CHcreubi 
OpÖHTaJIbHbie CiaHUHH 

Majibie KA HOBoro noKGJiemui 

• HaSjiioAeHHe 3eMJiH, 
nccjie,io8aHHe npHpo/iinux 
pecypcoB cyuiH H Mop», #33: 
HH3KO- H cpeaHeopöin ajibiibie 

• CBH3b H pexpaHCJiHUHa 
HKIpOpMilUH«: 
q>e^Heop6HTaiibHbie 
BMCOKOOpÖHTaJlbHbie 

• HayHHbie (pyHaaivieHTajibHbie 
HCC^ejlOBaHHS 

OTenecTBeHHwe 
C3C 

CIJ(~6aTapeH 
CE+CHAB, HKAB, HBAB 
CB+HKAB 

CE+HKAE 
CB+HKAB, HBAB 

CB+HBAB ("FoHeu") 
CB+HKAB, HBAB 

Gig Li-6arapeH, 
CB+HKAB, HBAB 
CB*HKAB,HBAB, 
Li-öaTapew, 

CB+HKAB 
CB+HKAB 

3apy6eacHbie 
C3C 

CB+HKAB 

CB+HKAB 

CB+HKAB 

PHC.2 

CB+HKAB, HBAB 

CB+HKAB, HBAB 

CB+HKAB, HBAB 

CB+HBAB 
CB+HBAB, 
HKAB (orpauHHeHo) 

CB+HKAB, HBAB 

CB+CKAB,HKAB, 
HBAB, Li-6aTapen, 
PH13r 

H2-O2 3XT 
CB+HBAB 

CB+HKAB, HBAB 

CB+HBAB 
CB+HBAB 

CB+HKAB, HBAB 

B.AKHMOB 
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CPABHEHHE OCHOBHblX XAPAKTEPHCTHK 3J1EMEHTOB C3C 

OcHOBHbie 

XapÜKTepHCTHKH 

C3C KA Ha ocHöße CE/AS 

OxeiiecTBeHKbfc 3apy6csKHbie 

Co.meMUbre ajieiweHTM H Saiapew 

TnnC3, KnA(AM0, 
25-28°C) 

Tun nane-iH CE 

Y/JClbHafl MOlUHOCTb CE, 

BT/M
2
 (Hana-io/KOHe« paöoTbi) 

Yae-ibHaa wacca CE, Kr/M2 

Pecypc, roa 

FAiKocTb, AH 

yacibnaa sisepiHH, BIM/KI 

Pecypc, roa 

EwKOCTb, AH 

yae-ibnafl 3Hcpnifl, BTH/KT 

Pecypc, roa 

MOHO-Si    (11-14)% 
MOHO-GaAs(18-19)% 

KapKac - pa>ia c CCTKOH 

140/80-90 (Si,rCO) 
160/120 (GaAs, HOO,"MHP") 

6-7(Si),  8 - 10 (G a As) 

3-5(Si,rCO) 
10 (GaAs, HOO, "Map") 

MOHo-Si  (12-15)% 

reTepocTpyKTypbi GaAl 

As/GaAs, GaAs/Ge (17 - 22)% 

coTosa» H rwSKaa naHe.ni 

150 -160/100 - 110 (Si, TCO) 

220 (TC3 GaAs, TCO) 

2.5-5,5 (Si, TCO) 

7-15(SS,rC3GaAs,rCO) 

AKKVMjjiHiüpbi H 6aiapen 

.L HHKe.ib-Kani«iiH 

4-120 

20-30 

l-2(HOO),3(rCO) 

9 -50 

25-35 

2 - 4 (HOO), 7 - 10 (FCO) 

HiiKejib-Boaopoa 

40, 45,60 H 70 

30-40 

5 - 7 (rCO) 

35-90 

35-50 

4-5(HOO),10-15(rCO) 

PHC.7 
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CofiHQWQQ SunodanbHQ9  ycmoHooxQ 

CouiHeMHHH pecMBep 
npeo6pa30Barejib 

Mnr, xr 

150O 

lOOD 

500 

/O 

OAMH M3 ÄByX nCpBMMHWX KOHHeHTpaTOpOB 

^ BUK xwAKoro BoaopoAa 

Tf/umpopMa co CB«3HWM cnytHHKOM 

PH „ Pyßb*+P6 ,.f)poph>$ 
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6 7 8 

PHC.11 
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XapaKTepHCTHKH MajioraöapHTHoro pajjHOjioKaTopa 6oKoeoro oÖ3opa 

K.M. riHHxa/pe 
HnO HM. JlaBO^KMHa 

MocKBa, XHMKH 

HHace npe^cTaBJieHM ocHOBHbie XapaKTepHCTHKH Majiora6apHTHoro 
pa^HOjioKaTopa 6oKOBoro o630pa, npe/j(Ha3HaHeHHoro pjvi ßHCTamnioHHoro 
aoH^HpoBaHHH 3eMJiH c 6opTa Manoro KocMiwecKoro annapaxa. 

CocTaB H CTpyKxypHa« cxeMa pazniojioKaropa 

A 

y 

YCTPOHCTBO 
(pOpMHpOBaHIW 

CHTHajia 

BJIOK 

CHHXpOHH3aii;HH 

ripHeMHHK 

ÄHajioro- 
UHCppOBOH 

npeo6pa3QBaTejib 

BycpepHoe 
3anoMHHaK)mee 

YCTPOHCTBO 

IToflCHCTeMa npneMa-nepeflaHH 

B paflHOJIHHHIO 

BJIOK cHHTe3a 
H3o6paxeHH5i 

YnpaBJiHiomafl 
noflCHCTeMa 

AHTCHHOe (pH#epHOe ycTpOHCTBO 

B ^aHHOM pa^HOjiOKaTope JJ;JIJI jjocTKSceHHfl MHHHMajibHbix raöapHTOB 
H BecoB npHMeHüeTCH meneßaü aHTeHHa, cocToamaa H3 5 napajiJiejibHbix 
BOJIHOBOflOB flJIHHOH 6 MCTpOB KaiKflblH.  BojIHOBOJJ(M OpHeHTHpOBaHbl BflOJIb 
HanpaBJieHHü äBHDKCHHH MKA. ßnarpaMMa HanpaBjieHHocra TaKofi 
aHTeHHbi y3Kaa B HanpaBJieHHH nojieTa - 18 yrjioBbix MHHyr H iirapoKaa B 

HanpaBJieHHH, nepneHJJtHKyjwpHOM HanpaarceHHio nojieTa, - 20 yrjioBbix 
MHHyr. 

AnnapaTypa npHeMa-nepe^aHH 

AnnapaTypa npHeMa-nepejjara BKjiiOHaeT B ce6a ycTpoHcreo 
(popMHpoBaHHJi cHrHana c CBH -ycHJiHrejieM MOIUHOCTH, MajioiiiyMflnnni 
npneMHHK, aHarcoro-HiKppoBOH npeo6pa30BaTejib H 6JIOK cHHxpoHH3anHH. 

BJIOK CHHTe3a H3o6pa)KeHHfl (BCH) 

BJIOK   cHHTe3a   H3o6paxeHHJi   npoH3Bo/jHT   oöpaöoncy   nojiyMaeMOH 
paaHOJIOKaHHOHHOH        HH(pOpMau;HH        H        CHHTe3        pa/JHOJIOKaHHOHHOrO 
H3o6pa]«:eHHJi, KOTOpoe B /lajibHeHiiieM nepe/j;aeTca no pazniojiHHHH Ha 
HaseMHbie nyHKTbi npneMa. 

K. nHHxajj;3e 



Taöjinua 

AnnapaTypa Macca, 
Kr 

raöapHTM, 
MM 

3HepronoTpe 
ÖJieHne, BT 

AHTeHHa 15 5000x100x30 - 

AnnapaTypa npHeMa-nepe^a^H 10 400x240x200 300 
BJIOK cHHTe3a H3o6paxeHHa 5 300x200x150 60 
YnpaBJWiomaa no^cHCTeMa 4 240x200x150 40 
KaöenbHaa ceTt 6 - _ 

Pa^HOJioKaTop B nejioM 40 - 400 

TexHHHecKne xapaKTepMcraKM paAwojioKaTopa 

riapaMeTp SHa^eHne 

Ilojioca oÖ3opa, KM 100 
rionoca 3axBaTa, KM 20 
üpocTpaHCTBeHHoe pa3penieHne, M 50 
HacTOTa npocrpaHCTBeHHon onncppoBKH, M 25 
KojniHecTBo rpa^annn APKOCTH 256 
OTHoniemie cpon/uiyM fljui yzjejibHOH 9I1P cpoHa - 20 AE, #B 11-15 
OTHomemie CMrHaji/niyM pjvi 3ITP 10 M

2
, äB 6-12 

J\jivmo. BOjiHbi MsjiyqeHEüi, CM 3 
Cpe/jHJW MoinHocTb H3jiyqeHna, BT 125 
HlyMOBaji TeMnepaiypa CHCTCMM, K 500 
IIInpHHa cneKTpa cnraana, Mrn 5 
MacToTa noBTopeHMii HMnyjibcoB, Tu 2400 
npoH3BOAHTejn>HocTb BCH, onepannn/ceKyniia 108 
Pecypc, HacoB 3000 

BbIBOflbI 

IlpoBeaeHHbiH npeflBapHTejibHbiH anaum noKa3bmaeT 
npHfflJtHnnajibHyK) B03MoacHocTb nocrpoeHKa Ha ccmpeMeHHOM POCCHHCKOH 
ajieMeHTHOH 6a3e pa^HOJioKaTopa c yKa3aHHbiMH xapaKTepncTHKaMH. 
CymecTByeT ninpoKUH nepeneHb 3a£a*i, KOTopbie Moryr 6biTb pemeHbi c 
noMombK) TaKoro pa^HOjioKaTopa c cnHTe3HpoBaHHoä anepTypon. Baxnon 
oco6eHHOcTbK) aamioro npoeicra MBJWCTCH cHHTe3 Ha 6opTy 
pa^HonoKannoHHoro H3o6paxeHHH c nocjie^yiomeH flocTaBKon ero 
Henocpe^cTBeHHO noTpeÖHTeuio. KanecTBo paflHOJioKannoHHoro 
H3o6paxemM flonojimrrejibHo noBbimaeTca Hcnojib30BaHneM 
HeKorepeHTHoro HaKoruiem«! npn nojiyneHHH H3o6paxceHna. 

K. nnqxa,n,3e 



CnyrHHKOBMH  CBH - pa^HOMeTp MTB3A 
AJI»   ÄHCTaHIXHOIIHOrO    SOHflHpOBaHHH 3eMJIH 

JI.r.BopflioroB,  H.H.ropoöeii,  B.II.HaKOHeHHbiH, 
B.KXIIaHHOB, H.B.HepHbiH, r.M.HepHirecKHH 

U(eHTp nporpaMMHbix HccjieflOBaHHH, 
PoccHHCKoro KocMinecKoro areHTCTBa 

117810 MocKBa, VJi. npocpcoKWHaa 84/32 
Oaxc: (095) - 420 - 2275 

Email: icheray@cpi. rssi. ru 

B ^OKjiafle paccMaTpHBaexca cnyraHKOBbiH MHoro(pyHKHHOHajibHbffl 
CKaHHpyromHH CB1} - pa/jHOMeip - Mo^yjib TeMnepaTypHoro H Bjiax- 
Horo 30H,n;H[poBaHiM aTMOctpepbi (MTB3A). TTpH6op npe#Ha3HaHeH äJIH 

onpeflejieHHfl HHTerpajibHbix napaMeTpoB aTMOccpepbi H noflcrajiaiomeH 
noBepxHocTH, BoccTaHOBjieHHa BepTHKajibHoro npocpmni TeMnepaTypw 
H BJiaxcHocTH aTMOctpepbi B rjioÖajibHOM MacnrraÖe, a Taiace äJIü äH- 

arHOCTHKH npoijeccoB flejrrejibHoro CJIOH oKeaHa H KpH3HCHbix cniya- 
HHH B aTMoctpepe. 

PaöoHHe MacTOTbi npnoopa BKjnoiiaioT: 18.7; 22.235; 33; 36.5; 
42; 48 H 91.65 ITH (BepTHKajibHaa H ropH30HTajibHaa nojrapHraaiiHfl), 
cneKTpajibHbie KaHajiw B JIHHHH norjionjemw KHcjiopo^a 52 - 57 ITu 
H JIHHHH BOflHHoro napa 183.31 ITu;. Bee npn6opa cocTaBjraeT 
55 Kr, noTpeöjiaeMaa MomHocTb 65 BT, anaMeTp aHTeHHoro 3epKajia 
60  CM. 

CBH - pa^HOMeTp MTB3A 6yn;eT (pyHKHHOHHpoBaTb B cocTaBe 
6opTOBOH annapaiypbi KA cepHH «MeTeop - 3M». IlepBbiH 3anycK 
HaMe^eH Ha 1999 re«. B flOKiia^e npe,n;cTaBjieHbi TexHHHecKHe H pa- 
Öoqne xapaKTepHCTHKH npHÖopa MTB3A, napaMeTpbi opÖHT KA ce- 
pHH «MeTeop - 3M», a xaKxe paccMaTpHBaeTca B03MOJKHocTb ycraHOB- 
KH  CBH - paaHOMeTpa  MTB3A Ha  Majibix cnyrHHKax. 

Jl. BopflioroB 



Satellite Microwave Radiometer MTV7A 
for Remote Sensing of Earth 

L.G. Bordugov,  N.N.Gorobets, V.P. Nakonechny, 
S.Yu.Pantsov,  I.V.Cherny,  G.M. Chernyavsky 

Center for Program Studies, Russian Space Agency 
Profsoyusnaya,   84/32, Moscow, 117810, Russia, 

Fax: 7-(095)-420-2275 

Paper discusses the satellite multifunction microwave imaging radi- 
ometer MTVZA for remote sensing of ocean and land surface, and 
integrated parameters of atmosphere , as well as, for measuring global at- 
mospheric temperature and water vapor profiles. The instrument operates at 
frequencies of 18.7; 22.235; 33; 36.5; 42; 48; and 91.65 GHz (vertical and 
horizontal polarization), oxygen line 52-57 GHz, water vapor line 183.31 
GHz. The MTVZA includes some complementary non-typical operating fre- 
quencies especially for oceanographic research. The instrument weighs 55 
kg,  power consumes  70  W,  and antenna size  is  60  cm. 

Since 1999 the Meteorological Satellite Program of Russian Space 
Agency will use the advanced 'Meteor-3M' spacecraft. The series of 
satellites with microwave instrument MTVZA aboard will be launched 
on  sun-synchronous orbit. 

MTVZA performance characteristics, and the schedule of orbiting 
spacecraft *Meteor-3M' and parameters of orbits are presented in the pa- 
per. The possibility of deploying microwave radiometer MTVZA on 
small  satellites  is   discussed. 

The applications of microwave technique for diagnostics of ocean 
active  layer processes    and  natural  disasters  are discussed. 

L. Bordugov 



MATEMATHHECKOE MO^EJIHFOBAHHE AHTEHH 
MAJIHX CIIVTHUKOB 

H.H. KosjioB 
rocy^apeTBeHHHfi HayMHO-HCtvraaöBarejiLCKHft HHCTHiyi npHKna^Hoft laexaHHKH H 

' 3jieKTpo3iiHaMHKH (HEQDBfö MAH) 
125810, r. Mocrata, BojioKcwiaMCKoe m. 4 

<DaKc: (095) 158-0367 

B HacroameM R<mm& paccMaTpHBaercs npHMeHeHKe 
MaTQVUMiwecacoro MOflennpoBaeHH pjm npoeKTHpoBaHHH anTeHHbix 
CHCT€M KOCMwqecKHX annapaTOB (KA). 3m CHcreMbi OTBJ MBJTMK 

cnymMKOB Macro mnmoicx OCHOBHMMH. Mo^eraipoBaHHe no3BO.TiaeT 
HcnoJEfa30BaTb cacreMHtiH wmm.3 asm onTHMraanHH npoeicrapoBaHHH 
KA no TexroweacHM ^ziaKTqpHCTHKaM H CTCHMOCTH. 

3auEwa oeeoieHtemia panjiocBißH c KOCMHHCCKHM annapsroM 
npeinnonaraer pacqeT JMHKH pa#HOCBa3H 3eMjra-KA KJTH KA-KA, 

BbiÖop Tuna, reoMeipHH H pacnojioacemia aHTCHH na öopTy KA 3^mawa 
MOAeJinpoBaffliH cymecTBeHHO yam-mmcic^ Kor#a B6JTH3H aHTeHHbi 
HaxoflHTca nperorrciBHe c ocrpoH KpoMKofi HJIH nuasMeHHoe 
o6pa30B3HHe (TD) OT paÖoTsoo^ero aneETpopeaKTHBHoro #BHraTem 
B6mm ypoBHa iqMn-HecKOH KoirD^empau*m WMJMhJ, KBK noiaoBBaeTca 
B [1], 3JEe5apoMan»rrHi>ie nojia KSHecmeHHO 3aBHcar OT MSJIBIX 

POMeHeHHH napsMenpoB qx«bi B pesynbTaTe äHS PiCGJiqaoBarora 
pacnpocnpaHeHHH BOJH ipeöyerca npHMCHeHHe TeopnH OK^KauHH, 

PfcnoJiB3yerca pernem-ie 3£^n;aHH fl*4>paKUHH BOJM HQ flByx rejiax 
CJXMKHOH 4)OpMI>L   3tH Tola MOfleJIIipyiOT aHTeHHbi,     KA HOTI  IX\   a 
omHManbBaa anTenna HaxoflWTca nepeöopoM BapnaHTOB pacqera 
Moflenb flpyx TCJI yquiuBaer B3aH\to#eHCTBHe aHTCHH Mea^y ooöoit, 
cKopnycoM KA, c ero OCTDBIMH KpoMKawH H C ED [2]. TtymewLercs. 
roMHoe peoieHHe asppra J^JPJKHHH BOJIH Ha flByx Tenax CJIOJKHOH 

4»pMbi B c4>epH4ecKHX KoopflHHaxax. ripq2inoÄeHHBK Meroa 
npeo6pa30BaHwa aMruMTya BOJIH npn cMeujemM CHcreMbi Koop^HHaT 
H Meroa nepeoTpaMesBM aaKrc yroroepcajiBHyio pacHerayio Moment 
#JEI   T€HI   pa3M€paMH   flOHeCKOJlbKHXAHHH BOJIH [Z 3],^ 

ITpHBOflHTCfl pe3yjn>Tan>i HHCjKHHbix HccjionoBaHHK, 
CHHOOK J3HTq5aTypM 

1. KD3JIOB Hü Pa^ioTe?fflHi'aH3JKKTpoHHKa 1997. N2. C. 142-146 
2. Kodov I.P. Mathernatic Methods of Spacecraft Antenna Systeem 
Designing (IAF-94-U.2.469). 45-th Congr. of the Intern. Astr. Fed., 
Oct. 9-14, 1994 /Jerusalem, Israel. 4c. 
3. KouioB WH PfeB,B\30B. Pötio<|)H3H»a 1975.T.18.N7C997-1008 
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MATHEMATICAL MODELING OF SMALL SATELLITES 
ANTENNAS 

I.P. Kozlov 
State Research Institute of Applied Mechanics and Electrodynamics (RIAME MAI) 

4 Volokolamskoye sh., Moscow, 125810, 
Fax:(095)1580367 

Mathematical modeling is apply in order to design the small 
spacecraft (SC) antenna systems, Hie system analysis theory may be 
used at the space program reali2ation and the optimum one from the point 
of view of its teclinical characteristics and cost is chosen. 

The problem of the provision of the outer-space radio 
cjonrmunication consists of calculation of the radio commitnication line 
in "space - space", "spacecraft - Earth" cases and the selection of an 
antenna system type, ifs geometry and location onboard SC with electric 
propulsion thruster. Concerning the radio communicatton line calculation 
the critical point is founded, in which dielectrical permeability is zero, 
and unified Hfurcation theory is applied while electromagnetic wave 
propagation task in plasma was considered [1]. 

Mathematical modeling is made accounting for the 
electromagnetic antenna interaction between each other and the SC 
body and its overhanging parts or sharp edges at the electric propulsion 
thruster plasma blob [2]. 

The difraction theory at two bodies with the complicate form for 
tie spherical coordinates was developed. The wave amplitude 
transformation method [3] while shifting and rotating the spherical 
coordinate system and the iteration method was developed by the 
author to formulate an universal a>mputed model for any body sizes. 

The effective computer algorithms for the antenna system are 
developed. There are results of numerical investigsations with different 
cases classification and geaierali2ation. 
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2. Kozlov I. P. Mathematic Methods of Spacecraft Antenna Systeem 
Designing. 45-th Congr. of the Intern. Astronaut Federation., Oct. 9-14, 
1994 /Jerusalem, Israel. 4c. 
3. Kozlov I.P. Izv. vyzov, Radiofizika, 1975, T. 18, Russia 
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HHCTpyMeHTapHH wra HccjieflOBaHHa cpe^bi 
oKpyxeHHa KocMBraecKHX annapaTOB 

B.rycejibHHKOB, O.BparaH, A.3aflopo5KHbiH, 
A.KcrceeB, lO.npOKonbeB, ATIOTHH 

HoBOCHÖHpCKHH lOCynapCTBeHHblH yHHBepCHTeT 
630090, r.HoBocH6HpcK, yji.riHporoBa, 2 

(paKc  383-2-397101 

IlpeflCTaBjiaioTca MeTOflHKH H aaTHHKH ana Hccjie^oBaHHJi oKpyaceHHa 
KocMHHecKHx annapaTOB, pa3pa6oTKH Hry anpo6npoBaHHbie Ha MeTeopa- 
K6Tax H BbicoKoop6nTani>HWX KA. 

Bynyr npeacraBJieHbi oiracaHHH JieTHbix o6pa3noB H nacTb aaTHHKOB B 

HaType. 
KoMroieKc MCTOAHK u RamviKOB, BapnaHTbi JIGTHOH annapaiypw jyw 

Hccjie^oBaHPM aneKTpHraecKoro cTpoemra aTMoccpepbi H iuia3MeHHoro 
oKpyaceHHfl BbicoKoopÖHTajibHbix KA 6ynyT npefljioxeHbi äJIH ncnojib30Ba- 
HIM Ha Majibix cnyraHKax c nejibio onpeflejierora xapaKTepncTHK cpeflbi nx 
oÖHTaHHa. 

3TO poTannoHHbie H BHÖpaimoHHbie H3MepHTejra HanpaaceHHOCTH 
ajieicrpHraecKoro nojia Ha noBepXHoera KA, Ha6op ceTO^Hbix 30H#OB fljra 
HccjieflOBaHHH noHHoro cocTaBa oKpyacaiomeH Cpeflbi, cpoTOMeTpiwecKHe 
H3MepHTejiH KOHneHTpauHH aapo30JieH a #p. 

fla-nnnc HanpJöKeHHOcTH aneicrpiraecKoro nojiH (11,311) - 3TO BHÖpaim- 
OHHOe yCTpOHCTBO B BHfle HHJIHHflpa ÄJIHHOH  70  MM H flHaMeTpOM   13   MM, 
pa6oTaiomHH Ha npHHunne sjieKxpocTaTHMecKoii HHoyKUHH. Pa6oHaa nac- 
TOTa KojieöaHHH H3MepHTejibHoro ajieKTpoaa cocTaBjHieT 100 Tu. AJIü BH- 

6paHHoö reoMeTpHH jißiHUKa ,zmana30H peracTpnpyeMbix nojien cocTaBJiaeT 
IOB/M - 100KB/M. 

H3MepeHHe TOKOB Ha noBepxHocTb KA npoH3BonHTCfl flaTHHKaMH rana 
nnjiHHÄpa cpapa#e# #Byx TnnoB: 

- ^aTHHKa HHTerpajibHoro TOKa (AHT), BbinojiHeHHoro B Bime Ha6opa 
COOCHWX   UHJIMH^IpOB,   5IBJMIOn]HXC5I   JIOByUIKaMH   BTOpHqHblX   *iaCTHH.   3cp- 
(peKTHBHaa njioma,a;b Bxo^Horo OKHa S■ = 12 CMXCM; 

- aaTHHKa HOHHoro TOKa (APT) npeflCTaBjraiomero CO6OH nmraHnp 
Oapaztea c sKpaHHOÄ H noTemiHajibHOH ceTKaMH. 3KpaHHa» ceTKa coean- 
HeHa c KopnycoM, a Ha noreHnHajibHyio no^aeTCü oTpunaTejibHbiH noTeH- 
HHaji - 12B, "oTceKaioinHH" HH3K03HepriMHbie aneKTpoHbi. 3cpcpeKTHBHaii 
njioma^b OKHa S = 1.1 CMXCM. fluanaaoH H3MepaeMbix TOKOB njia O6OHX 

THnoB ÄaTHHKOB 0.01 - 10 HA/CMXCM 

B.rycejibHHKOB 



IIEPCriEKTHBbl HCnOJIb30BAHMÜ PEHTrEHOBCKOH 
KAIIHJIJUIPHOM OnTHKH B KOCMHHECKOH OTPACJ1H 

A.B.BOJIKOB, A.n.HeBCKMH, M.JI.rijiaTOHOBa 
UeHTpajibHbiH HayqHo-HccjieflOBaTejibCKHH HHCTHTYT MauiHHocTpoeHHfl 

no  3aKa.3y   PKA  sIJHHMMaiii  npoBOÄHTc«   HHP  «OaceTa»  c 
IiejIbK)      HCCJieÄOBaHHfl      B03M0>KH0CTH      C03,HaHMfl      nOMeXOyCTOHMHBfelX 
ÄaTqHKOB TpexocHOH opHeurraimH KocMHqecKHx annapaTOB, Aamnxa 
rejiHOMOHHTopHura a paflHauMOHHoro Kompojm KOCMHqecKoro 
npodpaHCTBa Ha 6a3e TexHOJiorHH pemreHOBCKOH KanHJumpHOH onTHKH. 

npe^BiÄymHe TeoperaqecKHe HccjieÄOBaHHM noKa3ajiH Ha 
npHHUHnwajibHyio BO3MO>KHOCTB co3ÄaHHJi TaKHx jwmiKOB. KpoMe Toro 
6bum pa3pa6oTaHbi H co3«aHhi OTAejibHbie y3Jibi flarqHKOB, a HMCHHO, 

nojiHKanHJiJiHpHbie peHTreHOBCKMe KOJuiHMaTopw, BbinpaMHTejiH, 
ycHJiHTejiH, (pHJibTpbi H y3Jibi conpHxeHHÄ c 3BM, mropbie TOTOBM äJIH 

oöiuen cöopKH H KOMnjieKCHoro cTeHÄOBoro HcnbiTaHHa. 
npeflBapHTejibHbie HccjieflOBaHHfl noKa3ajiH, MTO AJIH yjiyqineHMfl 

xexHHqecKHx noKa3aTejieft, a HMCHHO, yBejiHHeHM» pa3pemeHM5i H 

cymecTBeHHoro CHHXCHHH Beca H raöapHTOB KOHCxpyKUHH, TpeöyeTca 
ziajTbHeHiiiee yMCHbuieHHe ziMaivieTpoB ajieMeHTapHwx KannjurapoB c 10- 
20MKM äO 1-5MKM. 

B HacTOHinee BpeMH paccMaTpHBaeTCji #Ba BapHamra nocTpoeHHH 
ÄaTqHKa: 

c HOHM3au,HOHHOH Kajvrepoft, Korfla peHTreHOBCKoe H3JiyqeHHe 
nocjie npoxo)KaeHH5i nonHKanmiJiflpHoro KOJuiHMaTopa, peracTpHpyeTca B 

MHoroHHTeBOH H0HH3auH0HH0H KaMepe; 
H 6ojiee nepneKTHBHOH CMCTeMe perHCTpaHMM peHTreHOBCKoro 

H3JiyHeHHa c noMombio fl3C. 3TOT nyrb öojiee TpyneH BBH^y oTcyTCTBH« 
B HacToamee BpeMH peHTreHOBCKHX Ii3C, XOTH HX pa3pa6oTKa BnojiHe 
peajibHa. 

riepexozi; c FI3C xpeöyeT nepexo« K öojiee MancoMy peHTereHy OT 

2-8A K 50-100A, HTO yBejiHHHBaeT noTOK peHTreHa B 103-104 pa3. 3TO 

no3BOJiaeT co3flaTb cymecTBeHHo öojiee Manora6apHTHwe AaTqHKM, HTO 

TpeßyeT pa3pa6oTKK KaK KannjuiJipoB jotfiMMeTpoM 1-5 MKM H ri3C c 
3JieMeHTaMH 1X1-5X5MKM. Hcnojib30BaHHe TaKoro noaxoaa no3BOJiHT no 
MHeHHK) aBTOpOB C03^aTb flam UK TpeXOCHOH opHeHxauHH BecoM l-2Kr. 

YMeHbiueHHe ^HaMexpa sjieMeHTpaHoro Kanmurapa 
peHTreHoonTHHecKor KOJuraMaxopa #o 1-5MKM no3BOJTHT co3#axb JWHMK 

ßjifl rejiHOMOHHTopHHra c pa3pemeHHeM OT 2 no 6 yraoBbix cexyHA, wo 
oöecneqHT BbinojmeHMe caMbix BbicoKHxxpeöoBaHKH, npeflbHBJifleMbix K 

CHCTeMaM reJIMOMOHHTOpHHra.  ITpH 3XOM flaXHHK MX reJIHOMOHMTOpMHra 
codaHT 2-lOKr, qxo cymecTBeHHo. MeHbuie Maccw cymecxByioiiiMX 
peHTreHOBCKHX TCJiecKonoB: 50-200KI\ 

A. BOJIKOB 



X-RAY CAPILLARY SYSTEM : 

PROSPECTS FOR USE IN SPACE INDUSTRY 

A.Volkov, A.Nevskiy, M.Platonova 
TsNIIMash RSA, 

Pionerskaya 4, Korolev, Moscow Region, 141070, Russian Federation 

An analysis of the development of onboard data systems for: 
• three-axis spacecraft attitude control; 
• heliomonitoring; 
• radiation control in the near-earth space 

has shown X-ray sensors to be created prior to the optical ones. It is caused 
by an essential reduction of noise in the X-ray diapason while the optical 
sensors are sensitive to the stray light due to the re-radiation of spacecraft 
and also clouds of debris, accompanying a spacecraft, to the noise due to 
high-power laser radiation, used for spacecraft inspection, etc. 

The sensors based on the X-ray registration technology have no the above 
disadvantages. Today, theoretical studies and also experiments have been 
carried out to show the feasibility of X-ray sensors on the basis of X-ray 
capillary facet (compound) optics technology for the purposes of three-axis 
orientation on the Sun. 

At the same time, a technology of X-ray capillary facet optics manufacturing 
for the purposes of heliomonitoring is under development. The technology 
makes X-ray pictures of the Sun available with the resolution of some 
seconds that provides a high reliability of prediction of solar flare events and 
also a high-resolution monitoring. It should be noticed that such systems 
designed for heliomonitoring allows to reduce overall device dimensions and 
weight more than in one order of magnitude in comparison with X-ray 
telescopes which have been currently placed on space stations. 

Among the important fields for application of the systems based on the X-ray 
capillary optics technology, there are technologies of the near-earth space 
radiation monitoring and also radiation inspection of space objects. 

Studies of the basic properties of sensors based on X-ray polycapillary optics 
have shown that they provide a low specific weight, high noise immunity, 
high reliability while they are relatively simple at manufacturing. 

The principle of operation of a three-axis sun-orientation sensor is examined 
below. 

As a matter of fact, the signals to control the orientation in two axes are 
formed due to the control of the Sun limb position in the image plane. The 
signals to control the orientation in the third axis are formed due to the 
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control of the misalignment of a current X-ray image of the Sun with a 
previous image recorded in a computer memory. The X-ray diapason 
provides registration of small movement angles, thus there is a base to obtain 
a high orientation accuracy in the third axis. 

The tasks of heliomonitoring require a detecting system with much more 
number of elements (facets). 

Applications in Soft and Hard X-rays 

The X-ray capillary optics provides registration of hard (E ~ 8 KeV) and soft 
(£ » 0,1 KeV) x-rays. It is remarkable that a solar image in hard X-rays has a 
number of bright spots and no small spots and/or inhomogeneities. In the 
soft X-ray band, images of the disc, its boundary and corona can be observed 
in a picture. One can observe also such details in the glow as coronal holes, 
loops, active areas, bright X-ray spots, dark fields, etc. Thus, the information 
density of a picture in the soft X-ray band is essentially higher than that in 
the hard X-ray with respect to the details of a picture. However, one can get 
a high-contrast picture in the hard X-ray band (with few details). 

The following main features of glows in soft and hard X-ray bands could be 
noticed. The total flux of radiation in soft X-rays is in three-four orders of 
magnitude greater than that in hard  X-rays. 

There is one more specific feature. The radiation in soft X-ray is more stable 
in time, the intensity can fluctuate in about 10 times, while the temporary 
changes of radiation in hard X-rays can achieve much more significant 
amplitude, varying in up to 103 times. 

It should be noted that in hard X-rays there are the points in time when the 
Sun has a zero radiation in this band or there are one-two spots only that is 
insufficient for the three-axis orientation. In soft X-rays, a solar image has a 
thin structure permanently, and that is required to form the signals of 
misalignment in case the orientation in the third axis changes. 

In first versions of X-ray attitude control sensors, designed for experimental 
development, it was supposed to use sensors registering in hard X-ray range 
that was caused by the requirement of a high-contrast image availability. 
Ionization sensors were supposed to be used for registration of X-rays, and 
for the transport one could use a collimator, consisting of X-ray capillary 
assemblies, made of thin capillary fiber modules and focused on different 
segments of the Sun. As a result, the resolution of a solar image was 1' 
(32x32 pixels). Such value of resolution is sufficient to provide an orientation 
by using the hard X-rays range in which there are a few elements of 
radiation. 

Ionization Sensors and Ionization Chambers 

To register X-rays, both some ionization sensors and ionization chambers 
have been examined. While an ionization sensor registers the radiation from a 
facet module, an ionization chamber can register radiation from an assembly 
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of facet modules as a whole and store the location of a radiation point (spot) 
on the Sun. The ionization chamber is filled with highly active ionization 
gases, and it consists of two mutually-perpendicular systems, made of 
threads. The ionization of gas causes reduction of conductivity in the nearest 
crossing threads. Results of the data reading from wire elements allows to 
detect precisely the points of maximum conductivity corresponding to the 
points of maximum x-radiation intensity. 

The chamber application allows to increase essentially the resolution of 
existing X-ray sensors. The number of elements in a picture of the sun could 
achieve the value of 100x100 pixels while the chamber sizes are not more 
than 300x300x80 mm. The resolution increase allows to use X-ray devices 
with an ionization chamber not for tasks of orientation only, but also to 
obtain X-ray pictures of the Sun with the resolution of up to 20" (100x100 
pixels) required for the heliomonitoring tasks. 

It should be noticed that the X-ray devices, based on the technology of 
separate ionization sensors and an ionization chamber, are heavy and have 
rather large overall dimensions due to design features. Some estimations have 
shown that such devices can reach the mass of 20... 50 kg and overall 
dimensions of 300x300x200 mm. In principle, the sensors of such kind are 
comparable to optical attitude control sensors. The elementary capillary tubes 
of such sensors have the average diameter of 15 u.m and the length of a 
capillary tube of -100 mm that provides the angle of view of 1' order. The 
described sensors were designed to use in  X-rays of ~(2... 20) KeV. 

Some Problems of Application in Soft X-rays 

A pre-design research have shown that most of X-ray sensor characteristics 
can be essentially improved if a soft x-radiation (E i5i0'1 KeV) range is used. 
As it was noticed above, the flux increases essentially in this range (in (3... 4) 
orders), that allows to reduce the cross-section area of a capillary assembly 
up to 1 sq.cm, thus reducing essentially overall dimensions and mass of the 
sensor. However, the shift into soft X-rays decreases ionization ability of 
gases that requires to take for use the sensors on CCD technology. Such 
systems allow to achieve a high resolution, reaching in the best samples the 
value of about °>2. ..2" (Up to -1000x1000 pixels per lsq.mm). So, future X- 
ray sensors with the area of 1 sq.cm will provide a picture of the Sun, 
consisting of -10000x10000 pixels. To obtain such resolution a capillary 
assembly should consist of separate (elementary) capillary tubes, having the 
diameter of ~1 \xm. 

To produce a sensor for imagery of the Sun, it is necessary to supply 
continuous fan layout of all the capillary tubes having the field of view of 
0,2...2" Y^g totai fjgkj C)f vjew 0f an assembly should be of 32'. The 
knowledge and experience gained in the field of X-ray capillary optics 
technology allows to solve the above problem. 
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Being equal and even surpassing the performances of existing X-ray 
telescopes, the resolution of 0,2...2" and 10000x10000-pixels imagery of the 
Sun meets the most strict requirements to the heliomonitoring systems. It 
should be emphasized that overall dimensions and mass (2... 10 kg) of the 
sensors are in (10... 30) times lower than those of known X-ray telescopes. 
That is an essential advantage of X-ray sensor technology with respect to the 
heliomonitoring tasks. 

Unlike the sensors for heliomonitoring, the systems for attitude control are 
not such limited with requirements to the angular resolution that allows to 
reduce number of pixels up to 1000 x 1000 per 1 sq.cm. It essentially reduces 
the number of technological problems of both capillary X-ray optics and 
CCD manufacture. 

A computer simulation and analysis of soft X-rays passing through capillary 
systems have shown that the increase of the diameter of capillary tubes from 
1 jim up to 5 urn increases the radiation transmission from 5.14 % up to 
25.12 % that affects essentially on the quality of X-ray images. 

Thus, the drastic reduction of X-radiation transmission when the diameters of 
capillary tubes are ~1 (am can limit the further development of polycapillary 
X-ray optics. However, the development of capillaries of existing diameters 
(15... 30 jim) and, in particular, those that are under development (1... 5 jim) 
will allow to develop and produce advanced X-ray sensor instruments. 

One of the problems of X-ray sensor technology is the lack of CCD, 
operating in soft X-rays. To solve the problem, either a specialized CCD or 
converter of X-radiation into the optical one must be developed. One of the 
ways of X-radiation converters development is application of special 
luminophor coating for CCD of optical diapason that will allow to solve the 
problem successfully. 

On the way of X-ray sensor design there are a lot of scientific and technical 
. problems,  however,  all the  difficulties  are  not  of principle  and  can  be 
overcome   with   both   the   future   technology   improvement   and   relevant 
scientific and technical support. 

Manufacturing and Technology Improvement 

During the manufacturing technology improvement of an X-ray collimator, 
the chemical glass of the XC3 (JI-80) type (GOST 21400-75, the state 
standard) was selected as the best material for the design. The said glasses do 
not lose the properties being four times stretched, saving the geometrical sizes 
stable with no cracking and crystallizing. 

The manufacturing method which is currently under development, will allow 
to produce a polycapillary coaxial straight-line assembly with the (1...5) % 
relative dispersion of elementary capillary diameters. A preliminary study has 
shown that a capillary assembly made of (1...5)-um elementary glass 
capillaries is feasible.   For the first time,  in  1998, laboratory samples of 
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modular collimators with elementary capillaries of (2 ± 0,l)-um diameters 
have been manufactured. An assembly of 10-mm diameter consists of 10 
million elementary capillaries. 

The further development of the manufacturing method supposes an increase 
of the precision of equipment, reduction of temperature gradients in a 
furnace, improvement of glass processing with the purpose to increase the 
surface reflectivity, in particular, by means of a strong magnetic field, 
improvement of the cutting of glass of polycapillary structures. Activities in 
these directions will provide production of the most advanced X-ray optical 
systems which have no analogues. 

Results of Simulation of Capillary Assembly Operation 

By a computer simulation of facet X-ray systems, the details of application of 
the capillary assembly of (1...5)-um diameter have been specified. The 
simulation has shown that when capillaries have diameters of ~1 urn and 
length of 100 mm the efficiency of passing X-radiation of E = (0,11...5) KeV 
has no significant changes — from 5,14 % up to 4,31%. At the same energy E 
= 0,11 KeV, reduction of the diameter of a capillary causes decrease of the 
passing X-radiation. E.g., if the diameter is 5 urn the passage ratio is 25,14 
%, for the 1-um diameter the ratio is 5,14 %, i.e. the ratio decreases in 5 
times. This rule leads to the conclusion that the 1-u.m diameter is very close 
to the limit value. 

The simulation has also shown that (1...5)-u.m diameters of elementary 
capillary tubes are optimum for X-ray optics, as it provides the maximum 
angular resolution of sensors. The further reduction of a capillary diameter 
causes low efficiency of capillary tubes that is insufficient for X-ray sensor 
applications. 

To maintain a continuous operation of sensors, the registration in soft X-rays 
is one of the reasonable ways, as both the efficiency of X-ray optics and flux 
density of the solar radiation are higher than those in the hard radiation 
diapason, on (20... 25) %  and in 4 orders of magnitude, respectively. 

Overview 

So, a shift into a soft X-ray band provides reduction of the sizes of a sensor, 
use of ultra thin capillary tubes and considerable improvement of the 
resolution of mapping sensors. Thus, just in the near future an improvement 
of a picture of the Sun will be available from 300x300 pixels up to 3000x3000 
pixels while sensor masses will be (2... 10) kg. 

The new X-ray sensors, submitted in the paper, can be used in space industry 
for the purposes of solar attitude control, X-ray monitoring of the Sun, and 
also for the radiation control of the near-earth space. 

A high noise-immunity is the basic feature of the sensors that gives them 
priority with regard to the optical ones. 
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Small sizes and low masses are also essential advantages of X-ray sensors. 

The development of the submitted technology will allow to create key 
elements and special devices for small spacecraft of new generation just in the 
near future. 
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JIErKHE OIITHHECKHE CHCTEMM HA OCHOBE rOJIOrPA<&HHECKHX 

<MJIfeTPOB #JIfl KOCMHHECKHX HCCJIEßOBAHHH COJIHUA 

AanmeB C.B., KaHaeB H.<J>, IlyraHeB.A.M. 
HHCTHTyr ABTOMaTHKH H  3jieKTpOMeTpHH  CO PAH 

r.HOBOCHÖHpCK, yHHBepCHTeTCKHH npOCHeKT fl. 1 
lab21 (aiiae.nsk.ru 

B.M. TpHropteB, IIX. IlanyineB, C.A.HynpaKOB 
HHCTHTyi CoJIHeHHO-3eMHOH $H3HKH CO PAH 

664 033 HpicyTCK, yji. JlepMOHTOBa 126 
vgrig@iszf.irk.ru 

^aeTca KpaTKoe onHcanHe npHHirmia paöoTti rojiorpa^HnecKHX y3KonojiocHMx 
cneKTpajiBHbix <J)HJIETPOB. AHajiH3HpyK)Tca HX npeHMiymecTBa pjia. co3mwm 
onTHHecKHX CHCTeM, HMeiomirx Majibie raöapHTM H Bee. OCHOBHMMH npeHMymecTBaMH 
TaKHX 4)HJibTpoB npH HX Hcnojib30BaHHH B KOCMHHecKofi annapaType pjw npOBeAeHHa 
Ha6^K>ÄeHHH CojiHua aBjiaioTca: ysicaa nojioca nponycicaHHa H 6oin>Hiaa yrnoBaa 
anepTypa, Bbicoicaa BpeMeHHaa H TeivrnepaTypHaa CTa6HHbHOCTL, B03MoacHOCTb 
coBMem;eHHK <|)OKycHpyK)mHX H cneKTpajn>Hi>ix CHCTCM H 3JieKTpmtecKoro ynpaBJieHHa 
nojiocoö nponycicaHHa. HpHBOASTca oirraHecKHe cxeMH npnöopoB pa3pa6oTaHH&ix B 

paMKax npoeKTa "CTepeocKon-2000" .zyia H3MepeHHa MarnHTHtix nojiefl, ,zrBH»ceHHa 
BemecTsa H nojryneHHa MOHOxpoMaTHiecKHX H3o6paaceHHH xpoMoc^epbi H KopoHLi 
CojiHU,a, Hcnoni.3yK)in;Hx rojiorpatJMqecKHe <j>HJibTpH. 

C. A^HineB 



Light-Weight Optical Systems Based on Holographic Filters 
for Space Research of the Sun 

S.V.Adishchev, I.F.Kanaev, A.M.Pugachev 
Institute of Automatics and Electrometry SD RAS 
Universitetsky prospekt bldg 1, Novosibirsk, Russia 

V.M.Grigoryev, P.G.Papushev, S.AChuprakov 
Institute of Solar-Terrestrial Physics SD RAS 

P.CXB. 4026, Irkutsk, 664033, Russia 

The principle of operation of holographic narrow-band spectral is briefly 
outlined. Their merits are analyzed in terms of the development of optical 
systems featuring small overall dimensions and weights. The main advantages 
of such, filters when used in space-borne equipment for acquiring solar 
obseivations are: a narrow passband and a large angular aperture, high 
temporal and temperature stability, alignments of the focusing and spectral 
systems, and the capability of electrical control of the passband. Optical 
systems of instruments are presented, which have been developed under the 
"Stereoscope-2000" project for measuring magnetic fields and mass motion. 
And for obtaining monochromatic image of the solar chromosphere and 
corona, based on using holographic filters. 

S.Adishchev 



CicaHHpyiomee ycTpoiicTBO BBICOKOFO npocTpaHCTBeHHoro paipemenHJi "B3op" AJIH 

Majibix KociwHiecKHX annapaTOB 

M.HOBHKOB, lO.reKTHH, H.AKHMOB 

PHHH Kn 
111250, MocKBa, AßHaMOTOpHaa yji., 53 

OaKc: (095) 273 5943 

PaccMaTpMBaeTCH naHxpOMaraHecKoe CKaHHpywmee ycrponcTBO "B3op" 
BbicoKoro npocTpaHCTBeHHoro pa3peuueHHJi, KOTOpoe no CBOHM 

Maccora6apHTHbiM xapaKTepncxHKaM MOxeT 6biTb Hcnonb30BaHO Ha Manbix 
KOCMHMecKHX annapaTax. 

AHajIH3HpyK)TC$J   pa3JIHHHbie   CnOCOÖbl   CKaHHpOBaHHfl   C   HCIIOJIb30BaHHeM 
MHoroajieMeHTHbix    4)OTOnPHeMHHKOB    H    pa3HHHHbie    cnoco6bi    nocTpoeHH« 
OnTHMeCKOH CHCTeMbl. 

rioKa3aHO,r MTO MHHHMaiTbHbie Maccora6apHTHbie xapaKTepHCTHKH 
CKaHHpyioinero ycTponcTBa MO>KHO peaiiH30BaTb npn ncnojib30BaHHH 
3epKanbHoro TpexajieMenTHoro o6i.eKTHBa B conexaHHH c JiHHeHHbiM n3C- 
(poTonpHeMHHKOM.    ObeMKa   ocymecTBJDieTCH    noKaapoßo    c   KOMneHcaunen 
CKOpOCTH   /JBHJKeHHfl   OCH   BH3HpOBaHH5!   annapaTypbl   no   nOBepXHOCTH   3eMJIH   c 
noMombK) nporpaMMHoro pa3BOpOTa MKA. 

npH BbicoTe nojieTa MKA H=650 KM CKaHnpyiomee ycTpoficTBO "B3op" 
no3BOJineT nojiynaTb H3o6pa>KeHHfl noBepxHOCTH 3eMJiH pa3MepoM 22x30 KM C 

npocTpaHCTBeHHbiM pa3pe]iieHHeM 2 M. 

M. HOBHKOB 



The high spatial resolution scanner "Vzor" for small space crafts 

M.Novikov, Y.Gektin, N.Akimov 
RISDE 

111250, Moscow, Aviamotornay street, 53 
Fax: (095) 273 5943 

This report is devoted to the high spatial resolution panchromatic scanner 
"Vzor", which can be used on small space crafts ( SSC ). 

Various ways of scanning with use of multielement photoreceivers and 
various ways of construction of optical system are analysed. 

Is shown, that the scanner minimum mass can be realised by use of the 
three-element mirror optical system in a combination with linear CCD. The 
shooting comes in a frame way with indemnification of device axis on the Earth 
surface movement with the help of SSC rotation. 

The scanner "Vzor" allows to receive the images of the Earth surface by 
the size 22x30 km with the spatial resolution of about 2 m from height of SSC 
flight H=650km. 

M. Novikov 



OHWIECKME CMCTE1H JUJfl OiOr/VEAPH'ffiblX IViBOTO^ffiaTMOHAJIBHHX 

KOCiViMCMX OnTHKO-BJIEKTPOIfflFiX KMWP, B3AMM0YBB3KA 

C IIMT^OPMOM,  OCHQBBHE IIAPAWIPJTHJI 

E.MaJiaMeÄ, IVi. COKOJIBCKMM 

OAO    .HOMO 

194044 r.C.-neTGpöypr, yji.   4y.ryHtiaH 2Ü 

$8Kc:   (812) 542-1839,  (812) 542-2264 

B HacTonmee spewa BO MHOI-HX crpau&x wem? CGMOG cepBGSHoe 

BHHMaHHe G03j&uw MBJIHX KOCMMHGOKMX annapaTOB (MM),  OCHaUJGHHblX 

0nTKK0-3JieKTp0HHHM.K K3MGP3MB  flJlfl  ÄHCXaimTOHHOrO   SOHSMpOBaHMH  SeMJIH 

(JI33). npH 3T0M peraeeTCfl import crreKTp Sü,im B ldmepeoax HsyneHHA 

npHpoÄHHX pecypcoB, ceJi&cKoro XO3HHCTB9) MeTeopaaornH, KapTorpa$ra 

H MHorra «pyrra OTpacJiefi HayKH a TCXHUKM.  IltapoKoe PSSBOTHS nanyraz 

padOTN,   CBH38HHHe   0   paSpaÖOTKOH  KOMMGpTCCKBX   CliyTHHKOB   ÄBOÜHOrO 

HasHa^eHM c BHCOKHM npocTpaHCTBCiiiimv! poineiniOM iia nosepxHocTH 3em.HL 

UO   I   M),.    HPK   9T0M   'f'WIIHBHHe   BHCOTH   OpÖHT   J1ÖK8T   B   Iipe,UGJiaX   500-700   KM, 

qi'O TpeöüGT yciaHOBKH Ha ÖopTy KA TGJIGCKOJTOB G .HHöMöTPOM rjiaBHoro 

sepKajia 500-800 MM.  B CBHSM G OTüM^LOH oHHOijpciwei-fflOM orpainreeinra 

IIO   MaCGO-radapHTHHM XapaKTGpMOTKRaM   V.   CTOWMOGTH   paspaÖOTKH   H  H3P0- 

TOBJ1GHMH  npGÄ-BHBJlHÖTCH   0<I6HB  »eCTKIlO   TpeÖOBÖIlM  HGIIOCpGflCTBGHHO 

K  OHTOTGCKOft   CXGMG   TGJl.GCKOIia,    TGXHOJIOI'EH   BBBGTOBJIGHBH   3GpK8Jl, 

coxpaHGHM) Ka^ecTBa TeJiGCKona B yc/ioBWix äGKCTBMH ÄecTaÖK,'ra3HpyK>- 

milX  $BKT0P0B   KOCMBBGCKOrO   npOCTpaHCTBa.    PGUIGHHGM  BTMX  IipOÖJlGM 

MH0BH6   T0ÄH   38HHMaK)TCfl  CIIGUBaJlHCTH  OAO   "JIOMO", 

B  Ka^GCTBe   OnTIWGCKHX   CMGTGM   OÖBGKTHBOB   KOGMM^QCKHX   TGJ1GCKO- 

IIOB   (KT)   MH  paCCMBTpHBaJlH   CBCTGMH   CJiGJiyTOX   TtfflOB:   JMH30BH6, 

3epKaJl&H0-JiKH30BHe   OCeBHG   C BGHTpaJIBHUM  öKpailOM  W  30pKaJlLH0-JlKH~ 

30BHG  BHeOCGBHe   Öe3 BGHTpaJlBHOBO   3KpaH8.   CpaBHHTGJIBHHfi  8HaJlB3  BO- 

K83HB8eT,   1TO  flOCTOHHCTBOM  3BH30BHX  OOteKTHBOB  HBJBIGTCH B03M0JKH0CT& 

noJiyqeHHH OOJIMIKX yrjioBHx nojiefi, a OOHOBHHM MX HOflocraTKOM HB- 

JLflGTCfl  HGB03M03KHOCTB   H3r0T0BJ16B^ BHCOKOKaBGCTBGHHHX   OÖBGKTBBOB 

öoJiLffioro KMMeTpa, TBK K8K npa yBGjmBGBo: J.PBMGTPOB OöBGKTBBOB 



pe3K0 B03pacTaioT H.X Macca a CJICKHOCTB pa3paöoTKH u M3roTOBjieHM. 

IIo3TOMy RJIE MH30BHX ooteicTHBOB MM orpaHErasaeMCH jmaMeTpaMM no- 

pHÄKa 250-300 MM. BHeooesHe 3epKajtbHue cucTeMH Tanace HMeroT dojiBiuoe 

nojie spernaa H MoryT HMeTB aocTaTtrei-io dojitinoft jtnaMeTp apOTKa odteK- 

TMBa.   OflHaKO,   OHH   OTMHaiOTCtf   BHCOKOM   paCCTpaKBaeMOCTBK)  H   BHCOKOÜ 

HYBCTBKTejIBHOCTBK) K  BJIHHHH10  3KCIIJiyaTai];H0HHHX BOBSeftCTBÜlft.   TaKHM 

odpa30M, B HUX Tpy,n;Ho nojiy^MTB cpejtfiee KBaßpaTiraecKoe oTKJioneHHe 

(CKO) BojiHOBoro $poHTa ny^uie, vem (0,20+0,25) A   , rjie A    - cpe;mraH 

ÄMüHa BojiHH padonero cneKTpajiBiioro guanasoHa. üoBTOMy B 0A0 nJ[0M0" 

OCHOBHOe   BHHMaHHe  y^eJIHeTCH  OCeBHM 3epKajIBH0-JI.HH30BHM CHCTeMaM c 

IteilTpajIBHHM  BKpaHOM. 

B ÄaHHOM AOKJiafle npeÄCTaBjien ojxim m BCBMOTKHHX BapaaHTOB onra- 

MH3amm onra-qecKOM cxeMu KccMK^ecKorc 3epKajiBHo-jiMH3 0Boro TejiecKona 

H ero KOHCTpyKmJH, ycTaHaBJiiiBaeMoro nan i-ia MKA, Tax H Ha dojiBnrae 

njiai^opMH rrpu pemeHHM HayKoeMKMx H aMÖHii,H03HHX 3a#aH. 

OBHT KocMH^eoKHx 03K noKa3aji, -qTo BHÖop onraqecKoS cxeMH HBJIH- 

eTCH   OÄHHM H3   BaEHHX H  ÄOCTaTOHHO  CJIOSCHHX   3TancB  C03#aHHfl KT RJ1H 

03K. G oßHoft GTopoHH onraqecKatf cxeMa floJWHa oöecne^ÄTB $opcHpoBaH- 

HHe onTH^ecKHe napaMeTpti, a c ÄpyroS - rnxme radapurao-MaccoBHe 

xapaKTepHCTHKH H TexHojioria-qecKMe BO3MOKHOCTH ee peajiH3aimn. 

K onTiraecKHM napaMGTpaM OTHOCHTCH: jD - ,nnaMeTp BxoßHoro 3pa*iKa, 

OÖERHO ÄHaMeTjp rjiaBHoro 3epKaJia Tej;.ecKona2y;r.3. > BKBHBajieHTHoe $o~ 

nycHoe paccTOHHue - J3K& , yrjicmoe nojie - Zk)  " KpoMe Toro^onra- 

•qecKaü cucTeMa xapaKTepwsyeTCH raöapMTHHMM pasMepaMH., Texi-iojiora^- 

HocTAttHsroTOBJieHHfl, BOSMOSHOOTBK) odecneqeBM MHoraJyHKmaoHajiBHbfi 

paÖOTH  B  T.Ä. 

ß      u   jpK&   onpeaejwwTcs H3 TpeöoBaHMÄ K 03K no jiiraefiHOMy pa3- 

pemeHHto: LM Ha MecTHocTH: 

H      1 
7    ^ l*a%-'& (I) 



FAQ   Vfip "* npeflejiLHo paspeniaeMafl 03K ^acTOTa TpexmiiajiBHOi-j wrapH B 

njiocKOCTH HsoÖpaseHüa KT, H - BHCOTU. opÖJüTH. SHaneHiae rnp     onpe- 

ßejLeeTOH H3 BHpaseHHfl äJIH oTiionieHHH curaajia (c) K mywiy (in) onTHKo- 

-SJieKTpOHHoS CHCTGMN   (03C):  

r#e    ¥*//?)  ~ oTHomeHHe curHaji/iuyM 3pHTejiBH0$ cHCTewiH       ( y (/0=4 

c BepoflTHOcTLB 0,8);   S}>A - njiomaflB Qneuewra npHeMHHKa,    Sum  - 

njiomaÄB rnnajiH TpexmnajiBHoif MHPH:    Curaa/i C paseH 

r,n;e Kt   - KOHTpacT oö-beKTa,   £   - 3i-iaHemie ueHTpajiBHoro BKpamspo- 

BaHUH,    ih   - BpeMH HaKonjienMH curiiajia,    /s iy   - cyMMapHan nac- 

TOTHo-KOHTpaoTHaa xapaKTepjacTHKa 03C. 

Hs $opiviyji (1*3) BHäHO, TPO .UJIH Haiuiymuero paspememiH cJiesyeT 

CTpewMTBCH K yBejiini8HHio Jatre> > H cooTBeTCTBeHHo #. rio9TOMy np« 

,^600+1000 MM      Ja/® M0B6T cocTaBjiflTB -   6000-15000 MM. 

yrÄoBoe nojie ( Zu) ) oöecneturaaeT TpedyeMyto Mi$opMaTßBHocTB 

03K, npH 3T0M jiKHeSHHH pasiaep npneMMKa  Zjf *Jj/c& 'y^1"' 

TaöapHTH onTBwecKofi cHCTeMti BO MHoroM onpe^eMioT radapHTHo- 

-MaccoBHe xapaKTepüOTHKH 03Ka, 3aBH0flrJuie OT snaMeTpa rjiaBHoro 3ep- 

Kaaa (13) -ZL 0 =#, äJIHHH    ZS    paccTOHHun - OT BepoiHHU BTOPHH- 

iioro 3ej3Kajia (B3) ßo IIHOCKOCTH npiaeMHHKa, H CHCTeMH öjieim; äJIH 

3aiHHTH $OKaJIBHOÜ  IIJIOCKOCTM   OT  ITOCTOpOHHMX  3aCBeT0K. 

OnTH^eoKaa cncTeMa flojisma oÖecne^HTt iipaKTM^ecKyto peann3amno 

03K, ÖHTB ÄooTaTOHHO TexHOMora^Hoft B npouecce .H3roTOBJieHM H Ha^eac- 

Hofi B ycjioBHflx 3K«nJiyaTamni. 

McrfOÄfl U3 BHfflecKa3a.Hi-ioro, paccMOTpHM npiramiriH nocTpoeHM 

OlTTH^eCKOä   CKCTeMH. 



npHHmamaajiLHaH KaacciraecKafl onTireecKaa cxetvia (OC) KT noKasaHa 

Ha pMC.I H COCTOHT H3 IB - I, Bo - ?., KoppeKTopa nojieBHX aöeppa- 

u#.ft - S^cBeTosanm^HX ÖJieuR^L Jav,asi KoncrpyKUM OC .nocTaTo^Ho JJJIMH- 

Han. Ssimemie t £ 0,2. r-Q&fJwt  ~ (^ ^3)?>ni     . BOJIBüIMG raöapu- 

Tti ycyrydjiHioTCH HajiHHHewr ÖJieHÄH, jyraHa KOTnpofj MorceT öHTB öojiee 

IfeBecTHH onTH^iecKHe cxeMw (pwc.2) c npoiweayTo^HHM w3oöpasceHK- 

eM, BaBaeMUM sepicajiMtofl CHCTeiwoff (SO): P3 M 133, no3Bojwronnüe HCKJUO- 

HHTB BXOJKHyB  ÖTOHfly  -  4   (pHO.I)   H   TOM COMUM yMeHBIMTB  ÄJIHHy  CHCTe- 

MU. 

OcTaHOBHMCH Ha STOW KoHCTpyKojiH OC H paccMOTpjiM ee noÄpoÖHee. 

0öo3HaHHM:   _^.c      - $cK.ycHoe paooTOHHue 3epKajiBHofi cuc- 

TeMa 1-2,■  ^ - MHeHHoe ysejiHqeHMe Koppeirropa - 3 nojieBHx aöeppa- 

WYi (UK). 

Toraa 

W/äTJ9   ~^3xß  ■ (4) 

JlHHe^HHÖ pa3Mep   (    <?JJC     )   H30dpaxceHHfl  B (J'OKaJIBHOt njIOCKOCTH 

3C paseH / 

IleHTpajiBHoe 9KpaHHpoBaHae   ^F    OC oiipe^ejine'rcs oTHouieHHewr 

c = 'ftf3!   , r,n;eZ?B.3    - jmaMeTp BToptra-ioro sepKajia. 
#.r.3. 

Torjca, HanÖojTbniee yrjioBoe nojie MCORHO onpeßeMTB H3 ycnoBEH: 

oTKy^a HaxojüHM: 

if£>uJ$     -^7— . (6) 

HJLH cpaBHeHM noKaaceM, ^TO B OC, nooTpoeHHofi no cxewre, noica- 

3aHHoS Ha pnc.1, nojiaran ^ITO nitocKocTB n300paKeHHfl naxo^TCH 



BÖM3H I(|5, yrjioBoe nojie onpesexHeTCtf H3 ycjioBMH 

AW*    *£& ' (7) 
Ife $opwiyji (6), (7) Bi^u-io, HTO B cxewe c npoweKyTo^iiiiM H3odpa- 

KeHHeM yrjioBoe nojie MOJKHO yBejiiraJTB B y#pa3. 

TaKMM odpa30M, OC c iipoMe^To^HHM H3oöpaateHneM c npoeKmüoHHHM 

KoppeKTopoM (UK) nojieBHX adeppamaw otfjiswaeT xsym cymecTBeHHHMH 

ÄOOTOHHCTBaMH:   HOKXCro^aeT HeoÖXOÄHMOCTB  BBeÄGHHH  CBeTOSaaiHTHOÄ 

öjieHjui H no3BOJweT yBejisraaTB yrjioBoe nojie B ß pas. 

PacoMOTpHM nywi nocTpoeiiPifl ^C c npoeKotKOHiMM KoppeKTopoM nojie- 

BHX aöepparwft. OC TejiecKona pa3,ir,eraM na äße ^acra: sepKajiLiiyro, 

COCT05IHiyK)  H3   13  H B3,   H DK. 

BOSMOKHOCTB 3eBKa.7iBHCH CMCTeMH (3C) B TOOTH KoppeKUMM adeppa- 

D^FJ orpamraeHH. ECJM noBepxHocTU 13 u B3 - actJepiraecKHe c SKCiieHT- 

pHCHTeTawE £, M   ^ ,  TO B03MOKI3C uciipaBjieHMC! ÄByx aöeppaiTMW, 1-ianpn» 

Mep,- ccjcepa-qecKot H KOMM ,- acTMrMaTH3M ne ncnpaB/uieTCfl. 

ÜOflOHCMM,   qTO tJOKaJIBHaH MOCKOCTB  3C   COBlia^aeT   C  BepiUHHOß  13. 

TorÄa KOHOTpyKLUSfl ÄByXBepKaJIBHOjJ  CMCTeMH  3aBMCMT  TOJILKO   OT  OÄHOrO 

napanaeTpa - paccToaHra   dp   Mesay BepinaHawM «Byx 3epKaji flj. 

npHMBM $OKycHoe paccTOHHue 3C 3a I. Tor^a HoprapoBaHHHe onTH- 

^ecKne GKJiH 3epKaji H paccTOßHHe Mesmy BepuiMHaMH 3epitaji   paBHH 

T^   et   J J   r6.3      -JT /   c     ; y-c     - 
KpHBH3Ha HsoöpaaeHHfl xapaKTepH3yeTca K03$$nmjeHTOM 3eÜÄejiH S£? 

0 3aBKICJaT TOJIBKO OT onTireecKHX CHä: 

UeHTpajiBHoe aKparapoBaHue  S=d     He äOJIKHC npeBumaTB 3Hane- 

HHH 0,3 , T.K. c ero yBejureeimeM pesKo na^aeT KoHTpacT Ha cpeamix 

nacTOTax, öJM3.KEX no cBoeMy aHa^eHura K ^acTOTe HaftKBHCTa. 

Toraa, npH d =0,3      v£-=2,II H KPMBKSHöL HsodpaxeHn* He HcnpaBJW- 

eTCH. 



TaKHM oöpaaoM, EK npn aa^aHHOM 3BmeHHH yBejitrqeHHH ß AOJIKSH 

KOMieHCHpOBaTL  aCTEtrwaTHSM Ef  K'P0BM3Hy  SC,' T.e..   aCTHrMaTH3M H  Kpn- 

BH3Ha  H300paKeHMH  UK ÄOJIKHH  ÖHTB  paBHH   HO  BeJMHHHe  H   OÖpaTHH  ÜO 

3HaKy aÖeppamiHM 30, a ocTajtBHHe adeppamjH ICK - HcnpaBJieHH. 

OcTaHOBHMCfi na ÄJiHHe 3C. JIMEB 3C onpeÄejineTCH BosjiymHtiM 

npoMeatymoM dp. 

0ÖO3Ha^HM 

Tor.ua 

^ '/^^ -cf'/f;^ (8) 

OTHOCHTejIBHOe  OTBepCTüe  re   (K08$$HimeHT Kg)   GBfl3aH0  C   OTHO- 

CMTejIBKHM OTBepCTHeM 3C   (K03$$HmieHT Kj)   COOTHODieHHeM 

OTCtona BHäHO, HTO yMeHBineHne K03$$HU#eHTa Kj, a cjieÄOBaTejiBHo, 

H     dp orpainraeHo ofinocHTejiBHiiM oTBepcraeM F3. Hanpiroep, npa 

<?= <7 = Oi»'30  ,   )^3 = 2,33  ; npHHHMan Kg =      s/2>r.*>   =2> HaxoÄHM 

Kj=4,66 H    </ = 0,3-4,66     Z?r>3#= L4^^.'  T-e- ÄMHa 3C paBHa 

1,4 flHaweTpa 13, 

3HaneHHe K03$$nnHeHTa Kg onpeßejmeTCH flBywiH $aKTopaMH. 

I.  TpyÄoeMKooTBKk   H3roTOBJieHHH, KOTopan xapaKTepH3yeTCH BejiH- 

HHHot    <D •- oTKJioHeHKeM ac$epiraecKOff noBepxHocra oT c$epircecKofr 

2. J) ] 
HanpHwrep, npu       <f   =I,#r s =G00 MM, Kg-2 Haxo^HM   o  -  80 MKM. 

Ilpa CTOJIBÖOJIBIIfflX 3Ha^eHHHX   <3        TpyfloeMKOCTL H3r0T0BJieHHH KpaftHe 

BHCOKa,   KpOM6   TOrO pe3K0  B03paCTaWT  TpeöOBaHHfl  K  KOMneHCaUHOHHOÄ 

cxeMe KOHTpojw, B03HHKaK)T cepLe3HHe TpynHocra B nojiy^eHMH TpeöyeMoro 

ypaBHeHHH $OpMH nOBepXHOCTH. 



2. yjKecTOHeHHeM TpedoBamfi K TO^HOCTH ycTaHOBKH B3 B TejiecKone. 

CwiemeHHe B3 nepneHÄHKyjiapHo oni-iraecKolt OCH H ero HaraoHH BN3HBaK>T 

AeueHTpupoBaKHHe adeppamra no Boewiy nomo HsodpaKeHiw. Tan BOJiHOBaa 
T, 3 

aÖeppaunH ÄeueHTpupoBaiiHoä KOMH     iiponopnnci-iajiBHa K2 , acTurwia- 
2 

TU3wra - K2 . 

Ilo9TOMy, Hanpm/iep, upw nepexo^e OT 3HaHeHHff 1^=3 K ^=2 

TpeÖoBaHHfl K TO^HOCTH ycTanoBKH B3 yKecToqaioTCH öojiee -qewi B 3 pa3a. 

IIo3TOMy npn BHÖope oTHocHTejiBHoro oTBepcTHH IB cjie^yeT JTOHTH- 

BaTB BC6  3T0 $aKTOpH. 

BTopan ^acTB OC TeiiecKona - npoeiciiBPHHuft KoppeKTop (TTK) nojie- 

BHX aÖeppauHfi. 

PaccMOTpHM npHHECHnaaJiLHHe onraqecKKe cxew« ITK. 

I. UK - o,nji03W)KajiBHoe ac$epireeoKoe aepicajio (psic.3) 

OnTJjfieoieafl cxeMa npe&noEeHa 0 HccjiesoBai-ia Kopmewi   [ ZJ . 

CMemeHHoe c onTsreeoKoft OOH (A) H3oöpaEeHiae, ßaBaewioe 3C, nepeHocHT- 

ofl EK c yBejuraeHHeM        ß-(-)k'. SKCiieHTpucHTeT    e3     TpeTBero 

3epKajia flBjraeTCfl ÄOHOjiHHTejiBHHM adeppamioHHHM riapawieTpoM, nosBOÄHW- 

lUHM HcnpaBHTB acTHrMaTH3M 3C, a no^ÖopoM ero onTsreecKoft CHJBJ -f$ 

MOKHO  yCTpaHHTB  KpHBH3Hy   H30dpa«eHHfl,   IipM   3TOM flOJIKHO   BHnOJIHHTBCH 

ycjioBMe 

TaKHM odpasoM, c adeppamioHHoft TOHKH 3peHna TaKoe nocTpoeHHe 

UK ysa^iHO, T.K.  odecne^BaeTCH xopomee na^ecTBo usodpaaceHHa no Bcewiy 

nojiK). YcTaHOBKOÄ ÄonojnfflTeaLHHx HJIOCKMX 3epi<aji (He noKa3aHHH.x Ha 

PKC.3) MOKHo yMeHBniHTB ÄJiHHy OC. O^naKo TaKoß ffi{ odJia^aeT HecKOHB- 

KHMH  rrpHHECKnHaJIBHHMH  HeflOOTaTKaMH: 

- TpedoBaime ncnpaBjieHHtf KPHBKBHH H3odpajKeHHH orpaHiraraaeT 

niMpoKjae BO3MOEHOCTH BapBupoBaHH« yBejiH^eHjaeM 



- KpaftHe KeoTKne, Tpy^Ho peajmsyeNrae Ha npaKTHice TpeöoBaHHH 

K   TOHHOCTH  3Ha^eHHH   BK^eHTpHCHTeTa   6j '  .   HonyCTKMOe   0TKJI0H6HHe 

cocTaBJweT iseHee   Ü,l- 0,2%, ^To TpeöyeT co3flaHM yraKajiBHHX 

CTeHÄOB KOHTpOJIfl 3epKa.ua. 

- BojiBiime raöapHTH sepKaaa, cBeTOBofi pasiwep 3epKajia npn öOJIB- 

IIIHX yraoBHX nojwx :   gcd     cocTaBjiaeT Benmvmy dojiee 0,5 pa3Mepa IS. 

yKa3aHHae HejjocTaTKH He no3BOJinioT co3,n;aTB MajioraÖapuTHyio, 

MHoro$yHKiXHOHaj.iBHyK3, TexHojaorHHHyw OC TeaecKona. 

2. IK - MH30Baü cHCTeMa.vüeopeTjaqecKH jiHH30Batf oHOTeMa peraaeT 

3asany UK. OHü COöTOHT U3 KoraieKTHBa (3), ycTaHoBJieHHoro BöJIH3H 

npoMeKytforaoro nsoöpaseHHa, xaBaeivioro 3C, u jorasoBofi npoeKiwoHHoff 

cucTeMH  ...   ..(4). OflHaKo KOHCTpyramfl JIHH30BOW onTuqeoKofi CHCT6MH 

aocTaTo-qHo cjiosHa. 

Hawm npeflaoKeHH H pa3paöoTaHH MajioradapuraHe onTH^ecKHe cxe- 

MH  UK. 

IIpHHimnHaaBHaH onTireecKatf cxeiwa noicasaHa Ha puc.5. 

DK..- 8epEtaaLHo-aHH30Baa CMCTeMa, cocTonmaH m KojmeKTraa - 4, 

ycTaHOBJieHHoro BÖJUSSVL $oKajiBHoJt IDIOCKOCTK 3C, H npoeioysoHHoro 3ep- 

KajitHo-jij0H3OBoro KOMnoHeHTa - 3, cocTOHiuero m c$epjreecKoro sepita- 

Jia B ycTaHOBaeHHoro nepe£ HUM jmsraoBoro ysjia. Tanne CHCTeMti Ha3H- 

BawTCH MeÄHaÄBHHMH H B KanecTBe KoppeKTopoB adeppamifi OöHHHO He 

acnoÄL30BajiHCb. 

CMemeHHoe o onTireeoKoJ} OCH npoMesyToraoe uraoöpaKeioie - A 

nepeHocHTCH B DJIOCKOCTB npueMHiiKa - A' O yBeaireeHHeM -ß   . 

IIpeHMymecTBaMJi TaKOit KoHCTpyKimn DK HBJWOTCH cJießyioiiuie: 

I. BHCOKHB aÖeppaiwoHHHe BOSMOSHOCTH. IK oöecnenHBaeT KanecTBo 

H3oöpaKeHHH TeaecKona, öjiusKoe K RMFpaiajBOHHOMy B OOJIBIKOM jmanasoHe 

yraoBHX noaeft. 



2. Marne raöapara. npiweHeHHe KojuieKTHBa 4, npoeKTapyiomero 

BXOÄHot 3pa^0K OC BÖM3K cfepireeoKoro sepcajia UK, B03BojifleT ywieHB- 

UHTB ero CB6T0B0Ä ÄHaMBTp flo pasMepoB MeHee 0,2/?r#3. 

3. BHOOKBH TexHOjiorMHocTB. IIK - COCTOHT m onTireecKHX aeTa- 

Jieft  CO  C$epiraeCKHMH  IIOBepXHOCTflMH  C   TparomHOHHHWm  TpeÖOBaHHflMH  K 

TOHHOCTH.JJSrOTOBJieHHfl. 

4. ÖtapoKHÄ HHTepBaji yBemrqeifflff y#   ,. peajurayeMHX ÄaHHoft KOH- 

CTpyicmieft. 

5.   Bo3MOJKHOCTB   OOSflaHHfl   OC  ÄJIH  peiUeHHfl  MHOrd^-yHiffltKIOHaJILHHX 

3a,na^. TaKHMH aa^a^aMH HBJIHDTCä: 

- BHCOKOÄeTajiBHaa' (BHcoKopaspemaromaa) cteMica. Kan BHäHO H3 

$opiviyji (1-3) 3ßecB TpedyeTon OC c HaHöojiBinciM 3Ha-qeHweM 3KBHBajieHTa 

$oKycHcro pacoTOHHUH, T.e. 

p      - //  • ß 
J&KB>       J3-C J /»a\ , 

rjje    y^^x- H£iHÖojiBniee 3Ha^eHHe yBenvnemm UK. 

IE npoeKTupyeT TOCTB npoMeacyToworo H3oöpa»eHUH, «naßaeMoro 

3C B njiocKOCTH BHCOKopa3pefflaK)üiero npHeMHHKa. 

- 0d3opHaü CBeMKa. 3,n;ecB Heoöxo£HMo Bce npoMesyroHHoe H3oöpa- 

seHHe 3C InepenpoeicrapoBäTB B IIJIOCKOCTB mraKopaspemaBmero npneMHHKa 

c yBejiH^eHHeM yß/»/ß   . 3KBMBajieHTHoe $oKycHoe paccTOHHHe paBHo 

- UseTHafl CBeMKa. 3^ecB OC OTPOWT K3oöpameHHe oöteKTa B CHHM, 

3ejieHoir H KpaoHoft oÖJiacTHX oneKTpa oÄHOBpewieHHO. Jtim 3Toro B OHTH- 

HecKy» cxeMy UK BBOOTTCH nBeToaejiHTejiLHHtt npHSMeHHHft öJIOK, aHajio- 

rn^HHlf öjioKaM, npHMeHHeiuMM B CECTewiax igBeTHoro TeaeBHHeHHH. YBem- 

qeirae HK MoseT ÖHTB B HHTepBajie 



Jim peajiH3amiH MHorcgyHKmaoHajiBHoft cHCTeMu ycTaHaBjiHBatoTCH 

HecKOJiBKO UK, KaswHft H3 KoTopHX npoenrapyeT oTÄeH&Hyio 30Hy npoMe- 

HcyTo'rooro H3oöpasceHHfl Ha OBOü npweMHHK. 

npjüdimnHajiBHafl cxeMa TaKoft cncTeMu noKasaHa Ha pHc.6. 

Ha pnc.6 30Ha A UK - 4, 3 npoeKTupyeTCH Ha npHeMHHK A , 

a 30Ha B • UK - 4  , 3   - Ha npweMHHK B . 

B KanecTBe npKMepa na p«c.7 noi<a3aHa KOHKpeTHan pea,M3aHHfl. 

Ha pnc.7 : 

I - 12, 2 - B3,  3,4 - ;&3yxjiHH30BHft KOJUieKTHB,  5,6,    10,11 - 

- njiocKHe 3epKajia, 7,8 - £ByxjiHH30BH# npoeKujaoHHNft KOMnoneHT, Ha 

noBepxHocTB J1HH3H 8 HaneceHo 3epKaJiLHoe noKpHTne - 9;  12 - npueM- 

HHK IBC-jiUHeljKa. Bce onTirqecKHe 3JieMenTH, 3a HCKJimeHHeM B3, 

ycTaHaBJiHBaioTCH Ha nnaunJopMe 13. 

TejiecKon HMeei cjieÄyiomKe onTwqecMie napaMeTpu:       j =6200 MM; 

2u) =1°; ^r#8#=600 MM; ÄB.3.-r76 MM,     dp =750 MM,    £  =0,30 . 

HpoMeayTOTHoe n30ÖpaKeHHe, jiaBaeMoe 3G, paonoaoxeHo Meswy 

JMH3aMH ..KOjmeKTHBa B  MR yßOÖCTBa KOMIiaHOBKM  CMeiUeHO  OT  BepiIIHHH IS. 

B njiocKocTB IBC npneMHHKa npoeKTnpyeTCH 3ona npoMejKyTcraoro H30- 

öpasceHHH, cMeuieHHan Taicse c OCH Ha 43 MM. )lm jacnpaBjieHHfl xpoMa- 

TH3Ma noÄosteHHH H yBejureemjfl - KojijieKTMB ÄBy.xjiHH30BHf, HMeeT yBe- 

jiH^eHHe, ÖJiH3Koe K epyrHW,e, a JIHH3H BunojiHenu m KpoHOBoro H 

$JIKHTOBOrO       MaTepBaJia.JlByXJJMHSOBKli   npoeiCICKOHHUH KOMnoHeHT 7,   8 

npoeKTupyeT npoMeKyTo^Hoe H3oöpaKeHne c J* =2 H KoMneHcupyeT 

nojieBHe .aöeppsiman 3C - acrarMai'EOM u KpuBH3Hy M3oöpaKeHMH. Oöe 

JIHH3H KOMnoHeHTa   BHnojiHeHH H3 cwioro MaTepuajia - K8, a ctjepjmec- 
3epKajiBHo5 

Koe 3epKajio coBMemeno c^noBepxHocTBto JIHH3H 8 ., HjiocKiae 3epKa;ia 

5,6,10,11 H03BOJLHK3T CKOMnoHOBaTb onraHecraw KaHaji Ha oömeß- eOTHoS 

njiaT$opMe 13. 



B pe3yji£T8Te, B uinpoKOM cneKTpajiBHCM WHTepBSJie 0,5-0,8 MKM 

B ILEOCKOCTH H3odpaxeHHfl no Bceivry nojiio cjiejiyiQiiuie SHa^eraH ®M: 

■^acTOTa v 

JIHH 
MM 

20 30 40 50 60 

T (     ) 0,76 0,65 0,53 0,44 0,37 

IIojiyTOHHHe 3Ha^eHHH HesHawrejiBHo oTJiiroaiOTcfl OT HjieajiBHoÄ 

ÖesaÖeppanmoHHoft cucTeMH. Jifla $opMispoBaHHH BToporo KaHana MOJKHO 

BTOpHM npOeKIJHOHHHM KOMnOHGHTOM  (He  nOKa38HHHM Ha   pHC.   7)   IipoeKTZ- 

poBaTB Äpyryio 30Hy npoMesy-roTOoro trsodpaaceHHtf, Hanpimep, cim/ie- 

TpiraHyio nepBof, B IIJIOCKOCTB npHeMHHKa c cooTBeTOTByiomHM yBeJiH^e- 

HweM. $jw y^oÖCTBa KOMIIOHOBKH BTOT KaHaji MoneT ÖHTB pacnojumeH 

nepneHjDDHKyjwpHo nepBOMy. 

CoBMecTHO c HIIO ManiHHOCTpoeHHs paccwoTpeHH RBS BapnaHTa 

paBMemeHHH 03K Ha MKA (pro.  8): 

1. Pa3MemeHne 03K no# oOTeKaiejieM MKA B CTSPTOBOM (Ha ynacTKe 

BHBeneHHH Ha opÖHTy) H pado^reM nojiOÄeHiiH (Ha opöHTe) c pacnojioKe- 

HHeM BH3HpHofl OCH'.03K nepneHAHKyjinpHo npoÄOJiLHofi OCH MKA (ßapnaHT I) 

2. pa3M.emeHHe 03K nojc odTeicaTejieM B CTSPTOBOM noJioxeHHH (H8 

y^acTKe BHBeaeHHH Ha opÖHTy) c pacnojioxeHHeM BH3HpHofi OCB 03K 

B^oJiB npoflOJiBHofi OCH MKA H nocjiesyiOüiHM nepesojipM ee B pado^ee nojio- 

KeHHe (nocjie BNBe,neHHH Ha opdnry) nyTeM pa3B0p0Ta 03K no TaHrasy 

Ha yroji 90°.  (BapnaHT 2). 

HaBe^eHHe 03K Ha 3a;n;aHHHe odteKTH cteMKH B urapoKoft nojiooe 

oÖ3opa (äO +45° no KpeHy),  a Tarae nojiy^eHHe CTepeocHHMKOB (pa3B0- 

poTa no TaHraxy JDCO +30 ) MoryT öHTB odecne^eHH K8K 3a c^ieT ycTaHO- 

BKH 03K B cnennajiBHoe noBoporaoe ycTpoäcTBO, TaK H 3a c*ieT pa3Bopo- 

TOB Bcero MKA. 

IIpn 9T0M oöecne^HBaioTCH cjiesyiomHe TotffiocTHHe H jsjmsMWieGKVLe 



XapaKTepHCTHKH CHCT6MH: 

- yrjiOBHe cKopocTK pasBopoTOB pa3BopoTOB 03K (no yrJiaM KpeHa 

ML TaHraKa)  - xo 4°/C6K. 

~   TO^HOCTH  pa3BOpOTOB   IS.  CTaÖHJm38U,ra: 

a) no opHeHTarmn:    +3-5 yiui.MHH. (no Kypcy) 

+ 5-7 yrji.MHH.  (no KpeHy H TaHrasy) 

Ö) no CT8ÖHJiH3amra: +1-2 yrji.MMH.   (no Bceiw OCHM) 

B) ocTaTOTOHe yrjiOBHe CKopocra CTaOHJinsamra - ne öojiee 

0,001 yrji.rpaflbeK 

KoHCTpyicmiH EttaT$opMH MKA oöecnewBaeT TpeöyeMyio xcecTKOCTB H 

OTadHJiBHOCTB yrjioBoro nojioaceHHH 03K oraocHTejiBHo npnÖopoB OT MKA 

(mp0EJ18T$0pMH,   3JI,   HKB IS Äp. ) 

GncTeiwa TepMoperyjnipoBaHHfl MKA oöecneTOBaeT TeiwnepaTypy noca- 

ÄO^Horo MecTa onTHKO-MexaHiraecKoro dJioica 03K B sn:ana30He OT 

MHHyc 10 C jo + 40°C.  Bojiee scecTKMe TewmepaTypHHe peatnMH ÖJIOKOB 

03K (3epKaji, odBeiw-roa, $OTonpneMHHx ycTpoficTB n äP-) oöecne^KBa- 

DTCH aBTfttHOMHHMH ycTpoöcTsaMH TepMOCTaTHpoBaHHu cawioS 03K.  JfriH 

yjiytnaeHHH TemioBoro pexHMa paöoTH 03K Ha Heü.ycTaHaBJiHBaeTCH 

Kpraiica-OJieHaa, OTKpHBaeiwaH na BpeMfl paöoTH (CBGMKH) 03K. 

OcHOBHHe TexHOTecKne xapaKTepwcTHKw 03K c iiaHxpoMaTmecKiKM 

H MyjiLTHcneKTpajiBHHMH KBHajiaMH npuBeseHH B Tadjunje I. 

CnncoK JiHTepaTypH 

I.  T.T.CjnocapeB.  PacieT onra^ecKiix CHCTewi, 1975. Main. 

JfeHKHrpaa. 

A^tOfi.   (977 ; *i<3 ( p.2ö?Y-20??( 



TEXHJWECKHE XAPAKTEPMCTHKM 03K 
G nAHXPOMATM^EGKHM M MyJILTMCrTEKTPAJIiHblM KAHAJIAMM 

Taöjraija 1 

Tun HaHMeHOBaiiHe 

napaMeTpa 
(xapaKTepiicTMKK) 

KaHSJl     CMGTeMH 
napaiweTpa 

UK MK 
0,5-0,8 0,45- 

0,52 
0,52- 
0,60 

0,63- 
0,69 

0,76- 
0,90 

OnTM^ecKne $OKycHoe 
paCCTOHHHe.M 6 3,8 3,8 3,8 3,8 

IfaaMeTp 3pa^Ka,M 0,60 0,60 0,60 0,60 0,60 . 

Ko9$$nmieHT 
neHTpajiBHoro 
3KJDaHH£0B8HHH 
yrjioBoe none, 

0,30 

1,0 

0,30 

1,0 

0,30 

1,0 

0,30 

1,0 

0,30 

1,0 

$oTonpn- IlHKCeJl,   MKM 9 22 22 22 22 

eMHHKa 3KCn03HH^H   HSßH- 670 670 670 670 670 

KBBHTOBaH 
9$$eKTHBH0GTB 0,35 0,40 0,40 0,40 0,40 

•'C0d0TB8HHHfi 65 25 25 25 25 

BbixoÄHHe npoeKLCHH IIHKCeJia 
Ha SewuiK, M 

1,0 4,0 4,0 4,0 4,0 

xapaKTepn- 
CTHKH 

IIIHPHH8   nOJIOCH 
3axBaTa, KM 

12 12 12 12 12 

,$IM OHCTeMH 
Ha ^racTOTe 
HafiKBHCTa,% 

15 33 33 30 20 

.OraoineHHe 
cwrHajia K mywiy, 
He MeHee 

145 315 385 370 415 

Macca, Kr 200 

BHepronoTpeÖJieHHG 
BT 

> 
550 
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OPTICAL SYSTEMS FOR SMALL-SIZE, MULTI-FUNCTIONAL 
SPACE-BASED ELECTRO-OPTICAL CAMERAS, INTERRELATION 

WITH THE PLATFORM, BASIC PARAMETERS 

Ye.R.Malamed 
, Chief designer 
M.N.Sokolsky, 

Optical Department Head, 
LOMO Open-Type Stock Company 

20Chugunnaya Str., St.Petersburg 194044 
Fax: («12) 542-1839 

Currently, many countries pay much attention to creation of small spacecraft (SSQ 
equipped with electro-optical cameras for the Earth remote sensing (ERS). Such 
spacecraft are intended fyf a wide range of applications in the interests of study of 
natural resources, agriculture, meteorology, cartography and many other branches of 
science ax>$ technology. Commercial dual-purpose satellites that produce high-resolution 
images oi the Earth surface (up to 1 m) are being developed in a number of countries. 
Typically, orbit altitudes He v/ithin a range of 500-700 km which requires mounting 
telescopes with the main mirror diameter of 500-800 mm on board the spacecraft. 
Because of this constraint, with simultaneous constraints on mass, dimensionsm, cost of 
development and manufacture, very hard requirements are formulated to the telescope 
optical system, mirror manufacturing technology, preservation of telescope quality under 
conditions of destabilizing factors of space environment. LOMO OTSC speciahst have 
been for many years solving such problems. 

We have considered systems of the following types as space telescope (ST) lens optical 
systems: lens-type systems, mirror-lens axial systems with a central screen and mirror- 
lens off-axis systems without a central screen. Comparison has shown that advantage of 
lens-type systems is a possibility of obtaining big angular fields while their main 
drawback is impossibility of manufacturing big-diameter high quality lenses because 
with increase of lens diameter, their mass and difficulties in development and 
manufacture rise sharply. That is why, as concerns lens systems, we restrict ourselves to 
diameters of the order of 250-300 mm. Off-axis mirror systems also have a big field of 
view and can have a big enough dimeter of the lens pupil. However, they are liable to 
lose alignment and are very sensitive to operational environment. Therefore, it is difficult 
to get root mean square (RMS) deviation of the wave front better than 
(0.20 + 0.25)Ä, where X is a mean wave length of the working spectral band. That is why 
LOMO OTSC pays main attention to axial mirror-lens systems with a central screen. 

This paper presents one of possible variants for optimization of an optical scheme of a 
space mirror-lens telecsope and its design mounted both on SSC and on big platforms for 
science-intensive and ambitious applications. 

Experience in development of EOC has shown that selection of an optical scheme is an 
important and rather complicated phase in creation of ST for EOC. On the one hand, 
the optical scheme must ensure very high optical parameters, on the other hand, it 
should have small mass and dimensions as well as technological (manufacturing) 
possibility of its realization. 

Optical parameters include: diameter of the inlet pupil D> typically diameter of the 
telescope main mirror £W.m., equivalent focal distance/equiv, angular field 2©; beside that, 
an opticalnystem is characterized by dimensions, adaptability to manufacture, capability 
to ensure ijiulti-mode operation, etc. 
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D and/^uiv are determined from requirements to HOC in terms of linear resolution on 
the terrain JU: 

/    _ JL    J- <l> 
Lt feci        ^ 

* where vt*<i is maximum allowable by EOC frequency 
of three-bar test object in the ST image plane, H is orbit altitude. The value of M^, is 
determined from the exression for the electro-optical system signal (S>to- noise (N) 

(JL.)    ><p(p)^      • 
N  JM"c S

UT (2) 
where / (p) is a signal-to-noise ratio of the visual system ( ^(p)-1-]        with 
probability of 0,8), S«i is receiver element area, St™ is three-bar test object bar area: 
Signal $ is equal to 

s-sKtC^a-s'K-v*)        (3) 

where Kt is object contrast, S   is the value of central screening, t% is signal accumulation 
time, TE(V) is a total EOC frequency-contrast characteristics. 

It follows from formulas (1+3) that in order to get the best resolution, it is reasonable to 
try to increasej^uiv and, respectively, D. That is why with D = 600 + 1,000 mm./eqwv can 
be 6,000-15,000 mm. 

The angular field (2cJ) provides required EOC information content; with that, the 
receiver linear dimension is 2y =/«juiv • tg2o) • 

Optical system dimensions determine to a great extent EOC dimensions and 'mass that 
depend on main mirror (MM) diameter - DM.M, = A length /, i.e. distance from the top 
of the secondary mirror (SM) to the receiver plane, and a system of lens hoods to protect 
the focal plane against foreign iUumination. 

The optical system must provide practical realization of EOC, be sufficiently adapted to 
manufacture and reliable in operation. 

Based upon the above assumptions, let us dicsuss principles of the optical system 
building. 

A basic classical optical scheme (OS) of ST is shown in Fig. 1 and it consists of MM 1, 
SM 2, field aberrations corrector 3, lens hoods 4. Such OS design is relatively long. The 
value t}(0,Z * 0,2S WLMl,<*frf ri^The lens hood adds to big dimensions, its length 
can be more than 0.1/e^uv. 

There exist optical schemes (Fig. 2) with an interim image produced by the mirror system 
(MS): MM and SM tha| allow to exclude the input hood 4 (Fig- 1) and thus reduce the 
system length. 

Let us dJIcuss this OS design in more detail. 

Let us define focal distance of the mirror system 1-2 as/».*., linear magnification of the 
field aberrations corrector (PC) 3 as p. 

Then 
,- i i 

(4) jea JMS   ] 



The linear size ( 2ym  ) of the image in the OS focal plane is equal to 

OS central screening £    is defined by a ratio £ ^ ,-^sw 

where £WJiB the secondary mirror diameter. 

Then, the biggest angular field can be detained from the condition 

wherefrom we find: ^    T) *" T\ ö 

(5) 

£>™ ■ f> 

(6) 4-0   i <r   £   ft ' £>M* 

For comparison, let us show that on OS built according to tue scheme shown in Fig. 1 
under an assumption that the image plane is close to MM, the angular field is 
determined from the condition 

4-     o ■ i  /'   ^  ' XJMM IQCU)   ^   77  (7) 

It follows from the formulas (6), (7) that in the scheme with an interim image, the 
angular field can be increased by ß times. 

Thus, OS with an interim image and with a field abc-naiioiu projection corrector (PC) 
has two advantages: there is no need in a lens hood and the angular field can be 
increased by ß times. 

Let us discuss ways of building OS with a field aberrations projection corrector, Let us 
divide the telescope OS into two parts; a mirror part consisting of MM and SM, and PC. 

Capabilities of the mittOUyslfiffi (MS) with respect to aberrations correction are limited. 
If MM and SM surfaces are aspherical with eccentricities l\ and h , it is possible to 
correct two aberrations, e.g. spherical aberration and coma; astigmatism cannot be 
corrected. 

Let us assume that the MS focal plane coincides with MM top. Then, the design of the 
two-mirror system depends only on one parameter: distance dp between tops of the two 
mirrors [1J. 

Let us take (fie MS focal distance as 1. Then normalized mit ror focal powers and 
distance between mirror tops are equal to 

%M = 7~i)     fSM=-    ^ ■;     £ *= d \    c/= -jA 
Image curvature is characterized by Seidel coefficient     S 7  and depends only on the 
focal powers: — 

Central saeening £ - d   must not exceed the value of 0.3 because contrast on medium 
frequencies close to the Nyquist frequency goes down with its increase, 

Then, with d{ = 0.3, S = 2.11 and image curvature cannot be corrected. 



Therefore, ^h^^cö-value^fmagniircatioupYPC-Tilüst compensate for MS 
astigmatism and curvature, i.e. astigmatism and image curvature of PC must be equal m 
value and opposite im sign to MS aberrations and other PC aberrations must be 
corrected. 

Let us discuss MS length. MS length is determined by an air gap dp. 

Let us define 

i Ä    T)       ' 2 ~   "h 
Then 

(8) 

MM relative aperture (coefficient K2) is linked with MS relative aperture 
(coefficient Ki) by a ratio 

IM« .    .    .     ,, 
It follows from here that reduction of coefficient Ki and, consequently, dp is limited by 
MM relative aperture. For example, with £ =d=0,lO, %„-2M>   taking 
Ki ^fmJDmsa. = 2 we find Ki = 4.66 and df - 0.3 • 4.66 IW = 1.4 ZW, i.e. MS 
length is equal to 1.4 MM diameter. 

The value of coefficient Ki is determined by two factors. 

1. Labour content in manufacture which is characterized by a value of or, i.e. deviation 
of an aspherical surface from a spherical one 

a = 8*£W/1024Kj . 

For example, with P = 1, ÄW = 600 mm, K2 = 2 we find a = 80 m*m. With such big 
values of a, labour content in manufacture is extremely high, in addition, requirements 
to coinpen^tional control/checkout scheme increase sharply, serious difhculttes appear 
with getting the required surface shape equation. 

2 More strict requirements to accuracy of SM mounting in the telescope. 
SM shift normal to the optical axis and its tilts generate decentralized aberrations across 
the whole image field. Thus, wave aberrationpf decentralized coma is proportional to 
IQ , that of astigmatism i* proportional to k2. *«. _ ,    v> --> 
That is why, for example, when we go over from the value of K2 - 3 to K2 - z, 
requirements to accuracy of SM mounting become more strict by more than 3 tunes. 

All the above factors must be taken into consideration in selecting MM relative aperture. 

The second part of the telescope OS is fieM aberrations projection corrector (PQ. 

Let us discuss basic optical schemes of PC. 

1. PC is a single-mirror aspherical lens (Fig. 3). 

The opticalscheme was proposed and described by Korsh [2]. A shifted from the optical 
axis (A) image produced by MS is transferred by PC with magnification ß - {}A . 
Eccentricity h of the third mirror is an additional aberration parameter that allows to 



correct OS astigmatism and by selecting its optical power <p, it is possible to eliminate 
image curvature; with that, the following condition must be observed: 

93   = <pi + <p2. 

So, from the point of view of aberration, such PC design is successful because it provides 
good image quality across the whole field. By installing additional flat mirrors (not 
shown inFig.3 ), it is possible to reduce OS length. But such PC has several fundamental 
drawbacks: 

- The requirement to correct image curvature limits wide passibiiiities in varying 
magnification. 

- Extremely strict requirements to accuracy of the eceeutriqty h value which are difficult 
to materialize. Permissible deviation is less than 0.1 - 0.2% which requires creation of 
unique devices to monitor/checkout the mirror. 

- Big dimensions of the mirror, light size of the mirror at big angular fields 2OJ is more 
that 0.5 of MM size. 

The above drawbacks do not allow to create a sinali-suc, multi-function, easy-to- 
manufacture telescope OS. 

2. PC is a lens system. Theoretically, a lens system solves the problem of PC. It consists 
of a collecting lens 4 installed in the vicinity of the interim image produced by MS, and a 
lens projection system (Fig. 4). However, design of a lens optical system is rather 
complicated. 

We have designed and proposed small-size optical schemes of PC. 

A basic optical scheme is shown in Fig. 5. 

PC is a mirror-lens scheme consisting of a collecting lens 4 installed in the vicinity of MS 
focal plane, and a projection mirror-lens component ■> consisting of a spherical mirror 
and a lens unit installed in front of it. Such systems arc called medial systems and 
tipically, they are not used as aberration collectors. 
An interim image A is transferred to the receiver plane A' with magnification p. 

The advantages of such PC design are as follows: 

1. High aberration capabilities. PC provides quality of the telescope image that is close to 
diffractional one in a wide range of angular fields. 

2. Small, dimensions. The use of a collecting lens 4 that projects the OS inlet pupil in the 
vicinity of PC spherical mirror allows to reduce its light diameter to values lower than 
0.2 EW 

3. High adaptability to manufacture. PC consists of optical parts with spherical surfaces 
with traditional requirements to accuracy of fabrication. 

4. A wide range of magnifications ß that can be realized by such design. 

5. A possibility of creation of OS for multiple applications. Such applications are: 

- High-resolution imagery. It follows from formulas (1-3) that for such application, an 
OS is required with maximum value of equivalent focal distance, i.e. 



where ßmai is maximum value of PC magiuficatiou. 

PC projects a part of the interim image produced by MS in the plane of a high-resolution 
receiver. 

- Surveyfeeneral) imagery. Here, it is accessary to to re-project the whole MS interim 
image into the plane of a low-resolutiou receiver with magnification piuin. Equivalent 
focal distance is equal to 

./equiv =f«i*. • proin 

- Colour imagery. OS builds the image of an object simultaneously in blue, green and red 
areas of the spectrum. For that purpose, a prism colour separator similar to separators 
used in colour TV is introduced into PC optical scheme. PC magnification can be m the 
interval 

ßmin <. P £ (W 

In order totalize a multi-functional system, several PC are installed, each projeetiug a 
separate z.(ue of the interim image to its receiver. 

A basic scheme of such system is shown in Fig. 6. 

Zone A of PC 4,3 is projected to receiver A' and zuae B of PC 4\3' is projected to 

receiver B'. 

Fie 7 features a specific example of implementation. 
Designation* 1 - MM, 2 - SM, 3,4 - collector lens, 5,6 and 10,11 - flat mirrors, 
7 8 - two-lens projection component, a mirror coating 9 is applied to the surface ot 
lens 8, 12 - CCD array receiver. Ah opüeal elements except SM arc mounted on platform 
13. 

The telescope has the following optical parameters:/ = 6,700 mm, 2u = 1°, 
Anm. = 600 mm, D^ = 176 mm, d p  = 750 mm, e = 0.30, 

The interim image produced by MS is located bctima the two lenses of the collective 
lens and, for convenience ot arrangement, is shifted away from MM top. A zone ot the 
interim image that is also shifted off axis b> 43 mm is projected mto the CCD array 
receiver plane. In order to correct chromatism and to magnify, there is a collector lens 
consisting, in fact, of two lenses. Its magnification is close to out, aai leases are made ot 
crown and flint glass. The two-lens projection component 7,2 projects the interim image 
with magnification p = 2 and compensates for MS field abeiwuoi«: astigmatism arid 
image curvature. Both lenses of the component arc made from the same material K8 and 
the spherical mirror is matched with the mirror suitaee of lens 8. Plat mirrors 5,o,lUsl I 
allow to arrange the optical channel on a common platform 13. 

As a result, in a wide spectral band 0.5 - 0.8 mein in the image plane across the whole 
field the following values of MTF: 

Frequency v 
lines/mm 

T(v) 

20 

0.76 

30 

0.65 

40" 50 60 

0.53 0.44 |    0.37 



The obtained value» differ insignificantly from an ukal aberration-free system. In order 
to form the second channel, it is possible to project by the second projection component 
(not shown in Fig. 7) a different zone of the interim image, for example, symmetrical to 
the first zone, into the receiver plane with respective magnification. For convenience of 
configuration, this channel can be arranged normal to the first one. 

Two variants of mounting EOC on SSC have been considered together with NPO 
Mashinostroycnia: 

1. EOC mounting under SSC fairing in the launch configuration (during the boost 
phase) and in the working configuration (on orbit) with arrangement of the EOC optical 
axis normal to the SSC longitudinal axis. 

2. EOC mounting under^SC fairing in the launch configuration (during the boost phase) 
with arrangement of the EOC line of sight along the SSC longitudinal axis with its 
subsequet; turn into the working position (after injection into orbit) by means of EOC 
pilch turn turn at an angle of 90°. 

EOC pointing at preset objects of survey in a wide field of view (up to ± 45° in roll) as 
well as obtaining stereo images (pitch turn up to ± 30°) can be provided both by means of 
EOC mounting in a special turuable device and by means of turning the whole SSC 
The following accuracy and dynamics characteristics of the system will be ensured: 

- angular velocities of EOC roll and pitch turns - up to 4ü/see; 
- turn and stabilization accuracies: 

a) orientation:    ±3-5 angular minutes (in route) 
±5-7 angular minutes (m roh and pttch) 

b) stabilization: ±1-2 angular minutes (in ah axes) 
c) residual angular stabilization velocities: not more than 0.001 angular deg/sec 

SSC platform design provides required stiffness and «'.ability of HOC angular position 
with respect to SSC MCS instruments {gyro ple.tforaw, star-tracking sensors. IR vertical, 
etc.), 

SSC thermal control systeincnsures temperature of the mounting seat for EOC optical- 
mechanical part in the range from - 10 °C to + 40 °C. More strict temperature modes of 
EOC units (mirrors,, lens, photo receivers, ntc ) are provided by autonomous thermal 
stabilization devices of EOC itsdf. To improve thermal regime of EOC operation, a 
protective cover is installed oa it whioh if» opened duriu.fi EOC operation (survey). 



Technical dutracterötktf of EOC m(h gtauchroniatic 
and mullxspectrai cluuuiete 

Parameter 
type 

Name of 
parameter 

(characteristics) 

System channel 
Pauchr 

"0,5-ö.jr 0.45-1). 52 
Multis 

uT52-bToo" 
pectral 

0~ 63-0.69" Ö.76-Ö.90 
Optical 

} 
_..._      1 

Photo 
receiver 

Focal distance, m 6 3.8 
'""oT6o"  

[      3.8 
¥60  "" 
0.30 

3,8 
""0760" 

0.30 

3.8 
Ö.6Ö Pupil diameter, m Ö.oÖ   ' 

Central screening 
^coefficient 

0.30 0.30 0.30 

Angular field, deg 1.0 1.0 1.0 1.0 1.0 
Pixel, mem 9 22 22 22 22 
Saturation 
exposure, mc-J/oi2 

670 670 

"~o740  

670 

"~Ö.'4Ö 

25""""" 

670 

 luö 

670 

0.40 Quantum 
efficiency 

0.35 

Internal noise, e 65 ^      25 25 25 
Output 

character! 
sties 

Pixel projection 
onto the Earth, m 

1.0 4.0 4.0 4.0 4.0 

Swath width, km 12, 1       12      "■ ̂      12       ' 12 12 
System MTF on 
Nyquist frequency, 
% 

15 33 33 30 20 

415 Sigual-tonoise 
ration, not less 
than 

145 315     1 1      385 370 

Mass, kg 
Power 
consumption, W 

--■ ■ - —     200 
'"""""550  
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KOMIUICKC OmilKO - 3JieKTpOHHMX cpe/jor» 
iiaßjHOßeHfisi Miajiopa3MepHoro KOCMH <iecKoro iwyeopa. 

EMejibAHOB B.A., JlyKbHmeHKO B.H., MepKyracB IO.K, PeMÖe3a A.M., 
YcneHCKHH P.P. 

I^UHHMara PKA, 141070, r. Kopojieu MocKOBCKaa o6jiacxb, 
yji. ÜHOHepCKaa, 4 
<DaKc:(095) 513-54-20, (095) 513-44-00. 

HeonpeAejieHHOCTb 3HanHH IUIOTHOCTH HOXOKOB 

HH3Koop6HTajibHoro KOCMHqeofcoro Mycopa (KM) pa3MepoM OT 0,3 #o 10 CM, 

H pa3JiHHHe TeopexHHecKHx /tammx no HX BennnnfflaM [1,2] BbBMBaiox 
HeoOT[03Ha^HocTb OHCHKH 6e3onacHOCTH nojiexoB 0p6HxajibHbrx 
riHjioTHpyeM&ix crammii (OnC) H KA. /JJIH Henocpe#cxBeHHbix H3MepeHHH 
3aCOpCHHOCTH   KM   Ha   HH3KHX   OpÖHXaX   BO3M05KHO   HCnOJIb30BäHHe   tfßyx 
TjrnoB öopxoBOH onTHKO-ajieKTpoHHOH aimapaTypH (03A): 
- 3a6naroBpeMeHHoro npe#ynpe5KfleHHa 06 onacHbix cj)parMeHxax KM 

pa3MepoM öojiee 1-2 CM Ha ocHOBe KaxanonBanHH HX opÖHx äO HX 

onycKaHHH Ha Bbicoxy paooqen opönxbi OIIC; 
- HaKonnenHH /jamaix o KOjiHHecxBe, napaMerpax #BH>KeHHa B CBH3aHHOH 

CO CTaHUHCH HJIH KA CHCTCMe KOOpßHHaX MajTMX qacrao..     pa3MepOM OT 
0,3   AO   5   CM   B   TeKymee   BpeMa   4>yHKii;HOHHpOBaHMa  jieTaTejibHbix 
annapaTOB. 

1. Annapaxypa KaxajiorH3amiH o6ecneiiHBaex HOHCK H 

oönapyaceHHe paHee HeH3BecTHbix 4>parMeHXOB KM Ha 3HaHHxeiibHbix 
paccxoaHHax ox OIIC, cocxaBjiaromHx COTHH KHJIOMCXPOB B nmpoKOif nojioce 
o630pa. 3xo oöecneMHBaex peryjiapHyio noBxopaeMocxb ceaHCOB 
HaöjHO^eHHa o6HapyacHBaeMbix (JjparMeHXOB H npneMjieMyto jsjm 
noaaep5KaHH5[ Kaxanora nepHOÄHraocxb OOHOBJICHM» no3HHHOHHbix 
H3MepeHHH (£ 3 cyr) [3]. IIInpoKoe ropH30HxajibHoe nojie 3peHn& 
4>opMHpyexca pa3BopoxaMH MraoBeHHoro nojia spemia xejieKaMepw (TK) 
BOKpyr HanpaBjieHH» Ha ncwrp 3CMJIH B yrne npoKa^KH 7=90°. HlnpHHa 
MrHOBeHHoro no.na speHHa TK B ropH30HxajibHOM (2ßr) H BepxHKajibHOM 
(2ßr) HanpaBjieHHax cocxaBjiaeT 12°. Oea o6ecne<iHBaex 3a6jiaroBpeMeHHoe 
oÖHapyaceHHe 4>parMeHxoB KM, Haxo^aupixca na BMCoxe ~ 500 KM, JXO HX 

onycKamia Ha Bbicoxy pa6oiieH opÖHXbi OITC. PasBoporu MraoBeHHoro nojia 
3peHHa ocyujecxBjiaioTca B03Bpaxm>iM BpameHHeM njiocKoro CKaHHpyiomero 
3epK3Jia C HOMOUJ;bK> 

B. EMejibaHOB 



uiaroBoro   npHBoaa.    B   xeieHJie   OAHO.ro    cicaHa   MrHOBem-toe   nojie 
nocjieAOBaxejifcHo npHHHMaex 9 nonoMceHHä. PeracxpauHa cj)paxMeHX0B KM, 
nepeceKaionnix HJIOCKOCTB op6nxbi OHC, npOHSBOAHxea npH HenoflBHMCHOM 
nojioaceHHH   MraoBeHHoro   nojw   3peH«a,    mo   HCKJiKraex   CMemeHHe 
H306pa5ICeHHH   3BC3A   BflOJlb   CXpOKH   <|)0X0npHeMH0r0   yCXpOHCXBa   («MW). 
Ony HafepaeTCÄ H3 4 KpHcxaxrjiOB H3C c 800x800 3jieMeHTaMH B Ka>KAOM 
KpHCTarwe. Pa3Mep qyBCXBHxejibHoro ajieMeHxa paBeH 16 MKM. ßnaMexp 
BxoAHoro spatnca o6i>eKXHBa cocxaßjiaex 0,16 M, oxHOCHxenbHoe oxBepcxae 
1:1,1, AJiHHa ÖJieHAbi 0,8 M. Ha puc.l noKasana KOMnoHOBKa xejieKawepbi, a 
Ha pHC.2 - 4>yHKiniOHanBHafl cxeMa nojiy^eHHa AaHHbix AJIH KaxajiorasaHHH 
<J)parMeHxoB KM pa3MepoM 6oi[ee 1-2 CM. Macca xejxeicaMepbi paBHa 30 Kr, ee 
3Hepronoxpe6jiemie, BKJiioqaa 3axpaxbi Ha oxjiasKAeHee «MIY, He npeBbiuiaex 
100 BX. 

3axBax cj)parMeHxa MraoBeHHbiM nojieM speHsa. xeneKaMepbi, 
nepeMemaiomHMca BCJieACXBiae ero cKaHHpoBaHHa H BCneACXBHe 
op6HxanbHoro ABH^eraia OIIC rcpOHCxoAHx cjieAyrouniM oöpasoM. Ilycxb 
4>paraeHx jiexHx B HanpaBJieHHH X,-X, nepneHAHKyjiapHOM HanpaBJiemno 
nojiexa OIIC Z ( CM. pHC.3). Ha KaaqjoM cKaHe ropHSOHxajibHoe MraoBeHHoe 
none spemiff nocjieAOBaxejibHO npHHHMaex AHCKpexHwe nojioMceHHH 
HOMepaMH ox +4 AO -4 B HJIOCKOCXH MecxHoro roprooHxa. Hycxb (J)parMeHX B 

HeKoxopbifi HaqajibHbra MOMeux BpeMeHH t = 0 3axBaxbraaexca nojieM 
3peHHH, HaxoA»m.HMCH B nojioaceHHH N= +4 npH AajibHocxH ox OHC, paBHofi 
L. npn npeBbiraeHHH oxHonieffiieM " cHXHan-HiyM" *F HeKOxoporo 
nopoxoBoro 3Ha^eHna Q¥ nop = 3) peracxpHpyexca H3o6pa^eHHe 4>parMeHxa. 
B 3XOM nojio>KeHHH nojia 3peHHa noABHxcHbiö (J)parMeHx o6pa3yex 
HenpepwBHbifi xpeK H3o6paaceHHH. OieAyiomMH 3axBax 4>parMeHxa 
npOHCXOAHx nocjie nepeMemenHa nojia Sperma AO Kpamiero nojio>KeHHa c 
HOMepoM N= -4 H nocjieAyiomeH Bcxpcm npH B03BpaiHOM ero ABHHCCHHH C 

cj)parMeHX0M. 3a sxo BpeMa AaJibHocxb L cymecxBeHHO yMeHbinaexca 3a cnex 
npHÖjiHJKeHHH OHC K xpaeKxopHH (frparaeHxa X,-X. TaKHM o6pa30M, Ha 
cjieAyioiHeM CKaHe peracxpHpyexca eme OAHH HenpepbiBHbrä xpeK 
4>parMeHxa. 3axeax (JjpaxMenxa Ha 3s"- CKaHe peaiiH3yexca nocne 
npoxoacAeHHH MrHOBCHHoro no.ua 3peHHa AO Kpafinero noJioaceHHH N = + 4. 
3axeM OHO AoroHaex $parMeHT, c|)opMHpya HOBWH xpeK. 

3xox npouecc noßxopaexca AO BbixoAa 4>ParMeHTa H3 nonocH 
o63opa, yrjiOBaa nrapHHa Koxopon cocxaBJiaex y + 2ßr. B xaÖJiHue 1 
npHBeAeHbi pe3yjibxaxw MOAejiHpOBaHHa peracxpauHH xejieicaMepoH 
(|)parMeHxa pasMepoM 3 CM C ajiböeAO 0,15, ABHraiomeroca 
nepneHAHKyjiKpHO HanpaBJieHmo nojiexa OHC. 

B. EMejibaHOB 



PMC. i.    KoMnoHOBOMHan cxeivia TeneKawiepbi 

l.( OöteKTHB     5. OCHOBHOfl <MaH8H 

2.   3epKajio 6.   3.fleKTpoj3BKraTejiB 

3-   OnpaBa maroBußr 

4.     EjieHJiO. 7.    PeflVKUHOHHW«    ripHBOJ!. 

8. BaH,ya>KHWM <jHii-:oa'-'c 

9. B,7iOK ■ox.,7ia»t;r;..9HWP 

10. riocaflomi-rw^ 'jwiaw'p 

1 1 . KnHmKH    fU'^it.fu.i 
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<E>yHKijHOHajifeiKw cxeMa TejieKaMepw co C3Y 
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ceio/HH 
XpaHCHHH 
4»OT03OHa 800X800M 

xpaiiciius 

OyHKaHOHaJlbHclH CXeMa CpeßCTB ÖOpTOBOÜ 06pa60TKH HH^OpMaiJHH 
OrALtn 

0 
03y- 

By<J>ep Ka/npOB 
ITpoueccop <J)op 
MiipoBaiiiiH pa3. 
HOCTHoro ciir-JH 

Ey4>ep TpeKoa 
()>parMCHroB 

KM 
BPJI 

YC - yCTpOHCTBO CHHXpOHH3aUHH ; 
OTI1 - 4)opMHpoBaxejib TaicroBoro imTamtfl; 
rCM - rHÖpHAHa« CÖOpKa H3 MHKpOCXeM C 3apflJJOBOO CBH3bK>; 
y - ycHJiHTejib aHajioroBoro CHraajia; 
O - oö-beKTHB TejieKaMepw; BPJI - 6opTOBaa pawommax MKC; 
AUJI - aHanoro-iXH^pOBofi npeo6pa30BaTejib; 
CB - CKaHHpyiomHH 6JIOK TejieKaMepw; 
OB - OTKJIOHHIOmHH 6J10K; YÄ - yCHJIHTejIb HpKOCTH; 
C3Y - CBeT03amHTHoe ycTpoficTBO (ÖJieH^a); 
BO - 6JIOK oxjia^CAeHHH ycHJiHTeiw ÄpKocra H IBC-MaTpmibi; 

PHC.2. OyHfajHOHajibHiaa cxeMa 03 A nojiyneHHH flamibix njix 
KaTajionraaimH 4>parMeHTOB KM pa3MepOM 6ojiee /-2 CM. 

B. EMejibaHOB 



v< one +1 

PHC.3. TkmomQwa MraoBeHHoro nojia 3peHHa B nojioce 
oÖ3opa Teneicaif epti, H3MeH»eMHe B Teqeime o^Horo CKaHa. 

HaqajiBHaa /JSUIBHOCTB Lr ero TpaeKTopim OT OI1C paBHajiacB 400 
KM. BpeMfl Meamy nocjieÄOBarejiBHBiMii ceaHcaMH naojiioxieHHs 4>parMeirra 
oi^eHHBaeTCÄ BCJUWHHOH 

\R3+Honc) 

TjiQ T<D - nepnoa o6pameHHH (J>parMeHrra BOKpyr 3eMjni; 
R3 - paflHyc 3eMjin; 
Hone - BMCOTa op6irrw OIIC. 

Ilpn Lj = 400 KM OHO cocTaBjiaeT 3,3 cyr, *m> ßocTaroHHO m* 
nozwepKaHHH Karajiora op6iiTajiBHBix napaMeTpoB oOHapyacHBaeMBix 
4>parMeHTOB. 

B, BMejihimoB 



npHHHMajioci», HTO (j)OH He6a cooxBexcxsyex 3Be3flHOH BennHHHe 
23m, coöcTBeHHbifi inyM II3C - MaxpHHbi, oxjiaac^aeMOH £0 xeMnepaxypw 
180 K, cocTaBJiaex le, BpeM» 3KCIIO3HHHH KaflpoB paBHO 10" cen, BpeM* " 
CXOAHH» " MrHOBeHHoro HOJM 3peHHa -0,8 ceK. 

npHHHTbie    0603HaHQWlÄ \ 
t-   MOM6HT 3axBaTa c|)parMeHxa noneM 3peHH», Haxo^iHHMca B 

nojio»ceHHH N Ha NQ^ cicaiae, 
L(t) - xeicymaa HaKJiOHHaa aajibHoexb w (frparaeHxa, 
tB(t)   -       AJiHxejibHOCTb   npeöbiBaHHa   ero   H3o6pa>KeHHa   B 

nyBCTBHTeJiBHOM 3jieMeHxe II3C, 
n3(t)    -    HHCJio    "3acBeHeHHbix"    sjieMenroB,    o6pa3yiomHx 
peracxpHpyeMBffl B O^HOM CKaHe xpeie. 

IlojiHaa HH^opMaimonHaa fljiHxeJibHoexb perHcxpnpyeMoro xpeica 
cocxaBHjia 17 ceic, HXO iipeflcraBJiaexca flocxaxoHHbiM pjm onpeÄejiemra 
opÖHXbi 4>parMeHxa no 1 - 2 ceaHcaM ero HaÖjno^eHHH. #JUI yBeJurqemia 
3XOH £JIHXejIBHOCXH, nOBbimeHH« nepHOflERHOCXH OÖHOBJieHHH HH(j)OpMaHHH, 
a xaioKe äJI» peracxpaipra (J)parMeHXOB MeHBinero pasMepa (1-2 CM) 

nejiecoo6pa3HO   HcnojH»30BaHHe   ycnjiHxejia   jipKocxH   c   oraocHxejibHO 
HeBMCOKHM    (<    100)    K03(|)4)HHMeHX0M    yCHJieHH».    YCHJIMXeJIH    ßOjraeH 
perncxpHpoBaxb IIOXOKH ^OXOHOB Ha ypoBHe 300 (|>/ceK npH BpeMemi 
3Kcno3HHHH ~10"2 ceK. Tarae ycHJiHxejiH apKoexH pa3pa6oxaHbi B 

opraHH3auHH "3jieicxpoH". 

TaöjrHHa 1. 

t,ceK NCK N L(t),KM tB(t), ceK na(t) ¥ 
0 1 +4 500 3,8-10'2 19 1,28 

20,8 2 +4 267 1.1-10-2 19 3,03 
22,1 2 +3 252 HO"2 84 3,16 
37,7 3 +1 86 1,H03 764 3,16 

2. fljia npOBcaeHHa HenoBXOpaiomHxca KpaxKOBpeMeHHbix ceaHCOB 
HaÖJno^eHHa Majibix (0,3-5 CM) nacxHH, ABHraroiinraca Ha KpyroBbix opÖHxax, 
Moacex Hcnojib30Baxbca ManoraöapHXHaa 03 annapaxypa. Eg MO>KHO 

ycxaHaBjiHBaxb Ha OÜC, a xaotce Ha Manbix HH3KOop6HxanbHbix KA B 

KanecxBe ^onoJiHHxejibHOH nojie3Hofi Harpy3KH. npH orpaHHHeHHOM 
AHaMexpe Bxojmoro 3pa*nca oöbeKXHBa ~ 5 CM ^jiHxejibHocxb ceaHca 
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HaöJnoaeHHa H ÄajibHocxb ooeapyaceHHa qacxHH 6ynyr MajibiMH (< 1 CCK, 3- 
50 KM). O^HaKO HX napaMexpbi äBHJKCHHH (üfl) B ITOäBH>KHOH cncxeMe 
KoopAHHaT, CBH3aeMOH c KA (CCK) MoryT 6bm> oripe;j,ejieHbi c BMCOKOH 

TOHHocTbio (< 1 M) [4]. OAH03HaHHOCTb onpe#ejieHHa oöycjiOBJieHa 3HaHHeM 
OpÖHTaJIbHOH     CKOPOCTH     H     npaMOJIHHeHHOCXBK)     flBHJKCHHa     qaCXHH     B 
imocKOCTH MecTHoro ropH30Hxa. Pa3pa6oxaHHbrä ajiropnxM pacnexa im no 
peracTpHpyeMOH BpeMeHHofi nocjieAOBaxejibHOCXH nojiOHceHHH 
H3o6paH«eHHH qacTHUbi, no3BOJiaex onpczjejiaxb yroir Meac/jy HanpaBjieHHaMH 
ÄBHJKeHBüi KA H TOCTHUH, ycxaHaBjiHBaxb cj)aicr nona^aHHa ee Ha KA, 
oijeHHBaTb Koop/praaxbi Mecxa naflöHHa H pa3Mep nacxHHbi (c oxHocHxejibHOH 
OIUHöKOH 150-200 %), $jia oöecneHemw BMCOKOH XO^HOCXH pacnexa 
xpeöyexca He MeHee 10 onopHbix xoneK yKa3aHHOH Bbime 
nocjie^OBaxenbHocxH H3MepeHHi B xe^eHHe ceaHca  Ha6jno#eHHa qacxHHbi. 
J\JI%    yBeJIHieHHÄ    HIHpHHbl    KOHXpOJIHpyeMOH    30H&I    B    rOpH30HXajIbHOM 
HanpaBjieHHH, oßecne^HBaioineH peracxpauHK) qacxHH, npHÖJBDKaiomHxca K 

KA c npoH3BonbHbix HanpaBjieHHH, 03A coßeparax 3 xejieKaMepbi (TK) c 
ropH30HxajibHbiMH nojMMH 3peHHa 60° (pHC.4). TejieKaMepH Moryx 
pacnojiaraxbca B pa3JiHHHbix Mecxax KA ßjia o6ecne*feHHa oxcyxcxBHa 
3axeHemia HX nojieM 3peHHa 3JieMeHxaMH KOHCxpyKHHH KA. BepxHKajibHoe 
nojie 3peHHH KaagjoM TK cocxaBjiaex 18°, HXO oöecnennBaex npneMjieMyio 
CKopocxb HaKonjieHHw /jaHHbix o *iacxHu,ax, npojiexaioiipix BöJIH3H KA. 
Ka»yiaa TK HMeex HiHpoK03axBaxHbiH oöbeKXHB c BXO/JHMM 3pa*iKOM 5 CM H 

oxHocHxejibHbiM oxBepcxHeM 1:1,2, CBexo3amnxHoe ycxpoMcxBO - ÖJienoy 
AJIHHOH 0,4 M H 4 TBC - MaxpHHbi c KOjraqecxBOM sjieMeHxoB 512x512 
pa3MepoM 30 MKM. Oömee KOJIHTOCXBO sjieMeHXOB B cöopKe <Miy Ka>K#OH 
TK MN = 2048x512. ^ocxHrayxbra ypoßeHb npeo6pa30BaHHa " aHaiior- 
HH(t)pa" o^Horo coöwxHH B AUTI oxenecxBeHHoro npoH3BO,a;cxBa cocxaBjiaex 

TAIJTI -10 HceK. Täte kaic TAI%I~ -~, uwmwz rpaHHua BpeMeHH 3Kcno3HHHH 

Ka^poB t3, jiHMHxnpyeMaa 6bicxpo,aeHcxBHeM AI^H, paBHa 1Ö"2 ceK. Hnmiaa 
rpamma BeirHHHHbi t3, JiHMHrapyeMaa öbicxpoßeHcxBHeM 6opxoßoro 
nponeccopa 4)opMnpoBaHHa pa3HOcxHoro CHraana H noporoßoro cpaßHeHHa, 
cocxaBjiaex 2-10", ceK. Ilpa 3XOM npHUHManocb, *m> 6bicxpo#eHcxBHe 108 

Kop.onep./ceK nponeccopa Ana KaayjoH TK Mo»cex HaAeacHO oöecne^HBaxbca 
cneHBbiHHCjiHxejMMH,       npoHSBOAflnpiMH       3JieMeHxapHbie       onepanHH 
BbltrHXaHHH. IlpH 3KCn03HHHHX, yßOBJieXBOpaiOmHX yKa3aHHHM 
xpeSoBaHHÄM, B ceaHce HaÖJHOAeHH» HacxHHbi Majioro pa3Mepa AOJI»CHO 

perHCxpupoBaxbca KOjitwecxBO riojioaKeHHH H3o6pa>KeHHa HacxHLp>i K, ne 
MeHbniee 10. 
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npouecc oÖHapyaceHua H peracTpaijHH Hacran, MOflejinpOBajica 
cjie^yioinHM o6pa30M. CocraBJiajiHct ypaBHeHHa jifiii^enmL nacTHH B CCK, 
KOTopBie onpeflejisuiHCb aanaHHeivr npojieTHoro paccTOHHHJi B MOMCHT 

MaKCHManbHoro cÖjraaKeHHa c KA H yraa MOK/jy HanpaBjieHHeM #BH»ceHHH 
KA H mcTmif,!. <X>opMHpoBajiHCb ycjiOBHa 3axBaTa nacTHii; nojiaMH 3pemüi 3ex 

xejieicaMep. 3areM paccwrbiBariHCb KOop^HHaTbi H3o6pa»ceHHH Hacrau; B 

4)OKaribHOH IUIOCKOCTH. H3o6pa5KeHHe nojiarajiocb 3aperHCTpHpoBaHHbiM, 
ecjiH OTHomeHHe "carHaji-inyM" VP npeBbimajio 3. BbiHHCjieHHe OTHOineHHH 
¥ npoH3BOAHJiocb Ha Ka»woM inare MO#ejrapOBaHHÄ ßBHJKemiH qacTHqw 
OTHocHTejibHo KA. IIIaraMH »Bjiajracb BpeMeHHbie HHTepBajibi, paBHbie 
BpeMeHH npeöbiBaHHH H3o6pa»ceHHH B nnKcene H BpeMeHH 3Kcno3HHHH 
Ka^poB. up« 3TOM pacc^HTbiBauiHCb BpeMH npeöbiBaHua H3o6pa»ceHHfl B 

OHKCene Ü3C - MaipHUbl tß H KOJIHHeCTBO CHTHaJIbHblX (J30T03JieKTpOHOB OT 
qacnmbi, HaKOiuieiiHoe 3a 3TO BpeMa (npH t& < t3) HJIH 3a BpeMH 3Kcno3HUHH 
KanpOB ( npH yCJIOBHH t3 < tg). OCHOBHbIM HCTOHHHKOM IltyMa npHHHMaJICJI 
coöcTBeHHHH myM n3C - Marprnxu, oöycjiOBJieHHbffi niyMOM CMUTbiBainw 
CTCq . OHKCHpoBajiHCb Ha^aribHbie H KoneqHbie ^ajibHOCTH Ha6jno,neHHii, npH 
KOTopbix OTHomeHHe *¥ npeBbiinano noporoBoe 3HaneHHe, a Taicace 
KOJiHHecTBO nono»ceHHH H3o6pa5KeHHH HacTHiiw, perHCTpHpyeMbix B ceaHce 
HaÖjno^eHHH. Pe3yjibTaTbi 3aBHcejiH OT pa3Mepa nacraH, BpeMeHH 
3Kcno3HHHH Ka^poB, BenHHHHbi CTCT, yrcia 0 uemjiy HanpaBJieHHHMH nojieTa 
KA H qacraubi. up« 6, 6JIH3KHX K 0, Hacraua flBHraexcfl HaBCTpeny KA. npH 
9, npeBbimaiomHx 90°, nacnma nepeMemaerca B CTOpOHy #BH3KeHH# KA. 
riosTOMy, c yBejimteHHeM 6 B03pacTaeT #jiHTejibH0CTb ceaHca Ha6jnofleHHs H 

BejIHMHHa K (cM.pwc.5). 
/I.ajibHocTH HaÖjnofleHH« MajioH nacraubi (0,5 CM) TejieKaMepaMH c 

orpaHiweHHbiM BXOAHBIM 3pamcoM oöbeKTHBa (~5 CM) cocTaBjraoT B 

3aBHCHMOCTH OT BejiiFfflHbi HiyMa OIIY Bcero 5-10 KM. YraoBaa CKopocTb 
«lacTHHbi OTHocHTejibHo KA BejiHKa H cymecTBeHHO H3MeroieTCJi B TeqeHHe 
ceaHca HaÖjnofleHHH,  yBejiHHHBaacb  no  Mepe  ee  npH6jimKeHHfl  K KA. 
Il03T0My OnTHMaJIbHOe BpeMfl 3KCXI03HUHH Kaflpa MOHCHO 6bIJI0 BMHHCJIHTb 
TOJibKo nyreM onpeAejieHHa BejinqHHbi K /trra pa3JiHHHbix ta. 3TO #ejiajiocb c 
yneTOM  Toro,  wro,  c  OäHOH  CTopoHbi,  c  yBeniweHHeM  ta  CHHMcaiOTca 
TpeÖOBaHHH K OblCTpOfleHCTBHIO 6opTOBbIX CpCOCTB OÖpaÖOTKH HH(])OpMaUHH, 
a, c Apyrofi CTopoHbi, yBejuweHHe ta He #OJI>KHO yMeHbinaTb K HHace 10 
(cM.pnc.6). OnTHManbHoe BpeMa 3Kcno3HUHH KazipoB 3aBHCHT OT HiyMa Ony 
acq2 H pa3Mepa Hacraubi d [5]. 
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B pesyjibxaxe nouyieubi cncaytourne 3Ha*ieHHJi t3 our: 

t:)oiiT 

10" ceK iipw d=0,5 CM, acvt = 30e 
5-10"" ccK npn d=0,5 CM, acq = 5()e 
5-10"" ceK npH d=0,3 CM, acq = 30e 
5-10 " ceK npH d=0,3 CM, acq = 50e 

BHAHO, HTO ripeßjiaraeMafl aniiapaxypa o6ecne<raßaex 
oÖHapy>KeHiie H onpefleneHHe Ilfl OHCHB Majiwx nacrau pa3MepoM 0,3 CM H 

Donee rrpn peajnoyeMbix iiapaMexpax epe/ncxB öopxoBon oöpaöoxKH 
HH4)opMam*H ( cooxBexcxByfoirpx t3 >2-10~2 CCK) M Heoxjia>KÄaeMbix 
({»oxonpHeMHbLx ycxpoHCXB [ia ocHOBe Ü3C - Marpnu; (aCq ■■= 50e). 

Macca OJIHOH TK C 6neH£OH cocxaBjraex ~2 KF. Macca BCCH 03A 
(BKJiroqaH ajieicrpOHHHe cpe^cxBa 6opxoBofi o6pa6oiKn MH<j)opManHH ) 7 Kr. 
OSmee 3HepronoTpe6jiemie paBiio 25 BX. l\jm oöpaßoxKH HHC^opMannH 
xpeöyexcji: 3 ALJH c BpeMeiieM npeo6pa30BaHHH ~ 30 HCCK, 3 
cneqBHqHCJiHxejia c oneparnBHofi naMaxBio -1,5 Möairr H 

npoH3BOAHrejibHOCTbfo ~ 50 Kop.oriep./ceK. Rm nepe/j,arra «H^opMamoi Ha 
3eMJiK) xpe6yexca Hcnojib30BaHne cjiy>Ke6noH paßHOJiHHMM c oqertb HH3KOM 

nponycKHOH enocoönocibfo: 500 öanx/ceK B reiemie 5 CCK. 1 pa3 B cyxKH. 

JIirrepaTypa. 

1. Potter A.E. ESA SD- 01, p 281. 
2. Bellman J.K. ESA SD- 01, p 303. 
3. HTO no HHP " KoHxpojib~HH ", axan 10, UHHMMara, 1997 r. 
4. HTO no HHP " KoHxpojib-UH ", yran 11, UHHWMam, 1998 r. 
5. HTO no HHP " KoHxpojib-ITH ", axan 12, IXHHHMam, 1998 r. 
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BOPTOBAfl CMCTEMA OBPABOTKM M30BPA)KEHMfl 
nEPCnEKTMBHOrO CnYTHMKA £33 

A.B. BOJIKOB, C.B. A(paHacbeB 

lleHTpajibHBffl HayqHo-HccJieÄOBaTejibCKHÖ HHCTHTYT MaiiiHHOCTpoeHHfl 

B ÄaHHOH cTaTbe onHCbreaeTca BCOM jyifl nepcueKTHBHbix cnyTHHKOB 
A3 3. CncTeMa npejiHasHaqeHa äJIH nncppoBOH oöpaöoTKH AaHHbix, 
nojiynaeMbix co CKaHHpyiomHX H TejieBH3HOHHbix onTHKo-ajieicrpoHHbix 
ycTpoHCTB,pa6oTaiomHX B BHäHMOM, yO H MK ÄHanasoHax äJIHH BOJIH. OHa 
ÄOJiXHa  BbinojTHOTb  cjie^yiomHe  (pyHKUKH:   UH(ppoByio cpHJibTpaii,HK), 
paflHOMeTpHHecKyio KoppeKiiHK), cMHTe3npoBaHHe MyjibTHcneKTpajibHoro 
H3o6paaceHHH, cacarae H3o6paxeHHH, BbiflejieHHe oöteicroB no 
cneKTpajibHbiM H npocTpaHCTBeHHbiM npH3HaicaM. B CTaTbe npe/i,CTaBJieHa 
MeTOÄHKa Bbiöopa CTpyicrypHOH cxeMbi BCOM, napaMeTpoB OT,nejibHbix 
sjieivieHTOB  BCOM,   sjieMeHTHon  6a3bi  j\m   nocTpoeHH«   BCOM,   MCTO/IOB 

OÖpaÖOTKH        HHCpOpMaUKM.        npeflCTaBJieHbl       3aBHCHMOCTH       TpeÖOBaHHH, 
npeß-bflBjraeMbix K napaMeTpaM 6JIOKOB BCOM, OT napaMeTpoB uejieBoft 
annapaTypbi M KaHajia CBH3H "KOCMOC - 3eMJiH". OnncaHa crpyicrypHaa cxeivia 
MaxeTa, Ha KOTOPOM npe/mojiaraeTca OTpaöoTaTb ajiropHTMbi H TecrapoBaTb 
nporpaMMbi BCOM. 

B HacTOjmj.ee BpeMH nepcneKTHBHaa annapaTypa JX 33 o6jianaeT BWCOKHM 

npocTpaHCTBeHHbiM pa3peuieHHeM. JXsin pemeHHH SKOJioraHecKHX 3a#aH OHa 
ÄOjiacHa HMeTb KaK MOKHO 6ojibinee KOJiM^ecTBO cneKTpa/ibHbix KaHanoB. 
OTcioAa B03HHKaeT ocHOBHa.q npoöJieMa - STO nepenana c TaKOH annapaTypbi 
HHcpopMaiiHH Ha 3eMJiio. riosTOMy JioraraHo 6biJio 6bi ocymecTBJiflTb 
oöpaöoTKy HHtpopMauHH c pa3JiHHHbix cneKTpajibHbix KaHanoB äJIH 

cHHTe3HpoßaHHH BbixoflHoro MyjibTHcneKTpajibHoro Kanana B nucppoBOM BHfle 
Ha 6opTy cnyTHHKa. Mcnojib30BaHHe nncppoBoii oöpaöoTKH BMecTo 
aHajioroBOH no3BOJiHT cymecTBeHHO yfleuiHBHTb annapaTypy n cuejiaTb ee 
jierKO nepecTpaHBaeMOH no,a; pasjcmtHbie 3aaaTO, MeHaa nporpaMMy paöoTbi 
ycTponcTBa,        CHH3HTb        Macca-ra6apHTHbie        noKa3aTejra.        C>KaTHe 
npOCTpaHCTBeHHOH    HH(J)OpMaHHH    B    OjJHOM    KaHajie    JXO    50    pa3    n03B0JIHT 
coxpaHHTb  Ha  6opTOBOM  ycTpoficTBe   naM3TM   B  HecKOJibKo  pa3   öojibinee 
KOJIHHeCTBO KanpOB. 

C03flaHHe   TaKOH   CHCTeMbI   ri03BOJIHT   cyuiecTBeHHo   paciiiMpMTb   KJiacc 
3QJWI   ,11,33,    peUiaeMHX   KOCMHHeCKHMH   CpeflCTBaMH,    H   /iaCT   B03MO>KHOCTb 
peinaTb HOBbie 3a,a,a*M A33, yBejiHHHTb KOJIHHCCTBO 3a^aq pemaeMbix 
napajuiejibHO     npn     npoBejieHHH     CBCMKH     3CMHOH noBepxHOCTH. 
Mcnojib30BaHHe npe/yiaraeMOH CHCTCMH no3BOJiHT cHM3KTb TpeöoBaHHfl K 

nponycKHOH cnocoÖHocTH paflHOKaHajia "KOCMOC - 3eMjm", MTO caejiaeT 
peajibHbiM npHMeHeHHe Majibix CTaHHHM npweivia KOCMHqecKOH HH(popManHM 
fljin nojiyqeHHH ßaHHbix BbicoKoro npocTpancTBeHHoro H cneKTpaiibHoro 
pa3peiueHH5i. B 3aicjiK)HeHHM npHBOflHTCH Tpe6oBaHHa, npefl-bHBJineMbie K 

nepcneKTHBHbiM BCOM, H BapnaHTbi HX peajiH3auHH. 

A.BojiKOB 



ONBOARD IMAGE PROCESSING SYSTEM FOR PROSPECTIVE REMOTE 
SENSING SATELLITE 

Anatoliy V. Volkov, Sergei V. Afanasiev 
Central Scientific-Resarch Institute for Mashine Building 
141070, Pionerskaya 4, Korolev, Moscow Region, Russian 

Federation 

Now are created and the new electro-optics equipment of the earth remote sensing 
are developed which have considerably best resolution, a large observation width and 
there are more number spectral channels and therefore on the greater information stream 
is several orders, than former generation of an equipment some. What to process all data 
from such equipment and to transmit data to the Earth it is necessary considerably to 
increase computer power of onboard computer. It can achieve applying new digital circuit 
technology, optimizing architecture of the onboard computing units and by developing 
new methods of data processing. In the paper the onboard image processing system 
(OIPS) is considered which is supposed to be mounted on prospective earth remote 
sensing satellite. OIPS is intended for digital data processing of a scanning or television 
electro-optics equipments of the earth remote sensing and having large output information 
stream. 

1. Architecture of a prospective OIPS 

Now in many countries the onboard digital data processing system of the earth 
remote sensing are created. In table 1 the characteristics of two onboard data processing 
devices, which interacting with a various equipment of the earth remote sensing f 11 [21 
are represented. 

Table 1. 
Purpose 

Processing of 
SAR      data, 
USA 

CPU host 
computer 

PowerPC 

Digital processing 
processor 

Onboard 
Multispectral 
classification 
of visible and 
1R data, 
Germany 

Intel or 
PowerPC 

BDSP9124 (50 
Mhz)    (several    on 
one computer unit) 

Bus 

PowerPC603e 
(PDH Processor, 75 

MIPS), N11000 
(Classification 

Processor, 2700 
MIPS) 

PCI (32 
bit, 33 

MHz) and 
High Speed 
Direct I/O 

Scheme 

PCI (32 
bit, 33 
MHz) 

3 SAR Processors (The data 
are transmitted sequentially 
from one to another- 1) 2-D 
frequency domain range 
compressor, 2) 2-D frequency 
domain azimuth compressor, 
3) interpolation and post image 
processing), 
Common Memory, General 

Purpose Processor, Interface 
Processor 

Data stream 

Input data  strearr 
<1,2 Gbps 

PDH Processor (multisensor 
data matching, feature 
extraction, data normalization, 
development of thematic maps, 
learning of the classifier, 
surveillance of classification), 
Classification Processor (neural 
networks), Mass Memory  

Total   input   dau 
stream <10 Mbps 

The prospective onboard computing systems, from a point of view of the authors 
should answer the following requirements: 

- Use of the processor of the same type and application of circuit elements of the 
same type for a construction of all units of the system; 
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- Modular construction hardware and software of the system for flexibility of its 
topological architecture and possibility of obtaining of new variant of the system 
without essential changes both in hardware, and in a software; 
- Implementation of parallel data processing, applying the digital signal processor 
with several computing devices (implementation of the concept - single instruction 
multiple data); , 
- Implementation of the concept of distributed data processing with use 
programmable logic device (PLD) as the coprocessors of DSP; 
- Rise of fault tolerance by applying of duplication hardware and software, 
redundancy of digital bus, and also possibility of reboot software on a radio link from 
mission control center; 
- Creation of a software on programming language of a high level C; 
- Thrash out for a design stage and creation of the system of possibilities on 
significant build up hardware and software by providing possibility to mount on the 
module additional computing units (processors and PLD); 
- Unification of an onboard computing system in interests of rise of its reliability and 
lowering of cost of development of new systems. 

/\ 

u 
0- 

o 
O 

<^       |)   Image Processing System 

«=$ 

Sensors 

Central Computer 

<(|       [)        Common Memory 

4=^> Low-rate Telemetry 
System 

«=3 High-rate Telemetry 
System 

Radio 
transmitter 

Radio 
transmitter 

Figure 1. Architecture of a onboard compute system 

For interaction with the central 
computer the use of the local 
CompactPCI bus is provided. The bus 
will be used for reboot of programs in 
processors, testing of data processing 
programs and transmission of data 
between computer modules (Image 
Processing System, Common Memory, 
Telemetry System). 

The application of the common bus, 
in this case it of CompactPCI bus, will 
allow easily to increase computer power 
of the image processing system by 
placing on it some blocks OIPS. Besides 
a some OIPS can be mounted in system 
for redundancy and rise of a reliability of 
computing system. As the bus CompactPCI has high capacity easily to place on it not 
one, and some telemetry modules at presence onboard the satellite of several telemetry 
radio links. The maximum capacity of the 32-digit CompactPCI bus - 1056 Mbit/sec, real 
speed of transmission approximately twice is less about 500 Mbit/sec. Maximum speed of 
the prospective telemetry channel about 200 Mbit/sec [4]. That is, using one bus it is 
possible to interact with two telemetry channels with high capacity. The maximum record 
speed of modern hard disk drive (HDD) about 5 Mbytes/sec is necessary to mark, that. 
For further perfection of the system with rather insignificant changes the conversion to 
the 64-digit bus is possible, that will allow twice to increase capacity of the bus. The use 
just CompactPCI bus will allow to use devices of outside corporations - built-in 
computer, HDD for a construction of the testing OIPS stand. HDD in the system to be 
assumed to use of the outside corporation. It is supposed also, that the central computer 
too will be designed in a format CompactPCI and will realize control OIPS through the 
CompactPCI bus. 
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2. Account of stream from multispectral  scanners of the earth remote sensing 

One of the problems of the complex, scanning instrument development is its provision 
with processing, storage and transmission to ground of the data, obtained by a high 
resolution spectrometer. The imagery output in (0.25...1.2)-um band with the 1-nm 
resolution is a set of images in 950 spectral channels, and in the (3.0... 5.5)-u.m band at 
the resolution of 40 nm it is a set from 60 channels. Thus, the spectrometric instrument 
provides simultaneous acquisition of up to 1010 images in total. 

At the spatial resolution of 10 m and orbital altitude of some 500 km the required 
time of output data reading of the spectrometer CCD is 1.5 ms. In the submitted 
spectrometer the designed dynamic range of signal is 4096, i.e. 12 bit per pixel is 
provided. If the observation width is 10 km, the data flow from one spectral channel is 8 
Mbit/sec. However, the desirable width is 40 km that causes a data flow of 32 Mbit/sec. 
The total data flow on the instrument output is 8 Gbit/sec if the observation width is 10 
km,  and it is 32 Gbit/sec in case of 40-km coverage. 

The maximum channel capacity of modern centres for space data receiving is some 
100 Mbit/sec (of the future - up to 200 Mbit/sec) [4] when the ground dish diameter is 
not less than 5 m [5]. In case of space data reception by a small station, the maximum 
channel capacity of a radio link is approximately up to 10 Mbit/sec and the antenna 
diameter is about 2 m [4]. 

So, some difference occurs between the output spectrometer data flow values and the 
flows provided by a conventional ground station for real time data transmission. It means 
that in case of a real-time data transmission the satellite data flow must be reduced in 
some 2 orders of magnitude. In case of a buffer storage and a 20-minute communication 
session, the transmission of an image of (10 x 10) sq. km area at the information flow of 
10 Mbit/sec is supported that is acceptable for a small reception station. 

3. Image processing methods of OIPS. 

In case of a normal operation of the instrument and data reception on a small 
receiving station (10 Mbit/sec channel capacity), the data flow must be reduced more 
than in 3 orders of magnitude. A normal operation mode does not require transmission 
of data in the all spectral channels. Usually, the required number to solve an ecology or 
economy problem varies from 3 up to 7 spectral channels. Therefore, to provide 
simultaneous execution by the instrument of a maximum number of tasks, it is necessary 
to process the data obtained in various spectral channels onboard a satellite, using an 
onboard image processing system with synthesizing of a multispectral image. Each task is 
provided with one synthesized multispectral image, in accordance with specified spectral 
channels. After multispectral synthesized images are obtained, a spatial compression of an 
image is executed. Such reduction of data flow allows to perform simultaneously up to 10 
tasks of the remote sensing in a  real-time mode. 
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After imaging of the Earth 
surface, it is necessary to 
perform an atmospheric 
correction of an image. For this 
purpose it is necessary to know 
the total concentration» of the 
aerosol, ozone and others small • 
gas components. To provide a 
high-accuracy correction the 
data from a number of spectral 
channels must be transmitted to 
ground on the each gas 
component. Therefore, an 
atmospheric correction should 
be executed by the OIPS. It will 
allow to increase the radiometric 
accuracy of an earth surface 
image. Imagery     in     the 
(3.0...5.5)-(im waveband requires 
to produce a radiometric 
correction of spectral channels 
by means of an onboard 
calibrator. 

The onboard image 
processing system also should 
perform selection of the areas 
under cloudiness in an image. If 
the value of a cloud coverage of 
an object is more than a 
specified value (percent) then 
the onboard system operation 
control device removes that 
image and perform imaging of a 
preliminary-specified     alternate 
object on the current or next orbit revolution. This mode of operation increases in several 
times the receiving of useful scientific and commercial images. 

OIPS perform image compression with loss of the information with ratio 20, 50 and 
100. The ratio of image compression is set by the program of operation OIPS. For 
compression of the image the 2-dimensional tree-structured wavelet transform is used. 
The computational burden on executions of compression are determined by the size of a 
mask base wavelet, by the sizes of blocks on which is split the images and amount of 
transform levels (than these parameters more themes, the quality of compression is 
better). Wavelet transform represents a convolution 2-dimensional matrix constructed 
from base wavelet, with the image block. 

4. Choice of circuit technology for a construction OIPS. 

The requirements to data processed streams (up to 10 Gbit/sec on all spectral 
channels) do impossible creation of the system with the centralized topological structure. 
Therefore the system is realized on a principle of distributed data processing on the basis 
of processors of the same type. The processor is supposed to use the new 32-digit digital 
signal processor (DSP) of the Analog Device corporation ADSP 21160. The ADSP-21160 
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Figure 2. Image Processing Algorithm 
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includes a 100 MHz core for processing both 32-bit fixed-point and (32-bit, 40-bit) 
floating-point data types, a dual-ported 4 Mbit on-chip SRAM, an integrated I/O 
processor with multiprocessing support. The ADSP-21160 typical power dissipation is 2 
watts, enabling 300 MFLOPS of performance per watt. 

The use of the 32- 
digit processor is 
caused by necessary of 
calculations of difficult 
mathematical 
functions with high 
accuracy. 

For 
required 
power 
coprocessor 
central 
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OIPS is used PLD of 
a family FLEX 10K of 
the Altera corporation. 

Implementing 
DSP     functions     in 
FLEX devices 
provides the following 
advantages [3]: 

Parallelism 
Implementing       DSP 
algorithms in 
hardware permits 
parallelism, leading to 
significantly higher 
performance than 
typical DSP processors. The scale of a function can often be increased with minimal 
performance degradation. In contrast, the sequential processing of traditional DSP 
processors causes performance to degrade linearly as the size of the computation 
increases; 
- Efficiency - Many DSP algorithms such as FIR filters involve multiplication by a 
constant. The FLEX architecture contains look-up tables (LUTs), which can simplify 
multiplication. The LUT stores the precomputed values, eliminating the area and 
performance cost of a full multiplier. 
-In-circuit ^configurability (ICR) - ICR permits the algorithm or function to be changed 
while operating in-circuit. This feature enables algorithm updates in the filed and allows 
functions to vary according to control panel input. 
-Specialized algorithms - FLEX 10K devices have embedded array blocks (EABs) that can 
implement specialized algorithms, including those that require the storage and rapid 
retrieval of intermediate values (examples - fast Fourier transform (FFT), 2-dimensional 
FFT and discrete cosine transform functions). 

Figure 3. Onboard Image Processing System Architecture 
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On PLD the algorithms of radiometric correction, filtration, feature extraction by the 
different spectral band images, wavelet transform for image compression will be realized. 
It the application, 
because of parallel 
processing, will allow 
on one - two of the * 
order faster, than DSP 
to execute the listed 
above functions. The 
given chip will operate 
on frequency 100 
MHz with 
transmission of the 
information on DSP 
on a 8-bit port. The 
choice PLD of family 
FLEX 10K is 
stipulated first of all by 
presence in it of the 
embedded array 
blocks. 
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Figure 4. Use of compute units 
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Conclusion 

The authors design variant of a OIPS architecture, which allows to achieve the 
greatest computer power OIPS without increase of clock frequency of system operation. A 
distinctive feature of the offered processing system is the use as computer devices DSP 
together with PLD. Such variant has some advantages compared to the system 
constructed only on DSP or processor with RISC architecture: 
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- From two up to several tens time the computer power of the system is increased at 
implementation of a 2-dimensional convolution and 2-dimensional FIR-filters, that 
allows proportionally to reduce time of image compression and multispectral image 
processing; 
- Allows to realize at application PLD of large integration in one chip together with 
functions of signal processing and function of the controller CompactPCI bus what 
that to reduce the nomenclature of used chips. 
The implementation of the image processing module in a format CompactPCI for its 

interaction with central computers and data transmission to the onboard storage device 
and telemetry system allows: 

- To change a configuration of the computing system depending by the requirements 
to its computer power and tasks, which it will decide, mounting required modules; 
- Allows if necessary easily to realize redundancy of some modules. 
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üpoöJieMM KOMnjieKCHoii o6pa6c IKH 

KociMKHecKHx CHHMKOB pa3JiHHHoro pa3pemeHHH 
C.KycHMOB, A.CyjiTaHOB, 
B.BarMaHOB, T.HymaHOB 

y^HMCKHH F0Cy/i;apCTBeHHBIH AßHailiHOHHBIH TeXHHHeCKHH YHHBepCHTeT 
Y(j)a, yji. K.MapKca, 12 

Ten.ApaKC (3472)230689 

üocfaHOBKa 3aaann 

B HacToamee BpeMa npocne>KHBaeTca TeH^eHHHa yBejinneHHa npocTpaHCTBeHHO- 
ro  pa3pemeHHH  CHCTeM,  npHMeHKeMHX  B ßHCTaHHHOHHOM  30HÄHpOBaHHH  3eMJIH.   C 
ApyroH CTOpOHbi, noaBJiaeTca ontiT noBbinieHHa HH<])opMaTHBHocTH H3MepeHHä 3a 
cneT KOMnjieKCHoii oö'paöoTKH /laHHBix, nojiyneHHbix OT pa3JiHHHbix npn6opoB. 

CyTB 3a^aHH COCTOHT B cjie^yromeM. IlycTb HMeiOTca KOCMHnecKHe CHHMKH o,a;- 
Horo H Toro ace ynacTKa 3CMHOH noßepxHOCTH, reoMeTpHnecKH coBMemeHHbie flpyr c 
ApyroM, HO HMeiomne pasjrcraHoe npocTpaHCTBeHHoe pa3pemeHHe. npe^jiaraeTCK 06- 
pa6oTaTb coBMecTHO KOCMHHecKHe CHHMKH HH3Koro H BbicoKoro pa3pemeHHa TaKHM 
06pa30M, HTOÖbl MOHHO ÖBIJIO CßeJiaTb ÄOCTOBepHBie BblBOßbl O COflepacaHHH HeKOTO- 
pbix KJiaccoB 3eMHoft noßepxHOCTH B KaacflOM nHKcejie Ha CHHMKC HH3Koro pa3penie- 
HHH BHe oÖJiacTen B3aHMHO.ro nepeceneHHa CHHMKOB (Ha30BeM 3Ty oöpaöoTKy cyönHK- 
cenBHbiM aHanH30M). 

KocMHnecKHe CHHMKH oftHoro cerMeHTa 3eMHoft noßepxHOCTH, HMeiomne pa3- 
jiHHHoe pa3pemeHHe MO>KHO nojiyHHTb HecKOJibKHMH nyTHMH. 3TO MoryT 6biTb, Ha- 
npHMep, paBHbie KaHajibi OflHoro H Toro ace npnöopa, JIHöO flaHHbie pa3Hbix CBCMOH- 

Hbix CHCTeM. B aaHHOH paöoTe paccMaTpHBaeTca cjiynaft, Kor#a Bce CHHMKH HH3Koro 
pa3penieHHa nouynenbi O/U-IHM npnöopoM H npe/tcraBjiaioT co6oii pa3Hbie nacTOTHbie 
KaHajibi o^Horo CKaHepa. TaK, onncaHHyio 3aaany MOKHO peniHTb #Jia KOCMHHCCKHX 

CHHMKOB co cnyTHHKa "Pecypc-01" (paspeuieHHe 45 M) H CO cnyraHKa NOAA-12 (5 
HacTOTHbix KaHajiOB c pa3pemeHHeM 1.1 KM). 

IIpeAJiaraeMbiH iweTOfl pemenKH 

ripe^JiaraeMoe peuieHHe onncaHHOH npoöJieMbi ocHOBaHO Ha npeflnonoaceHHH o 
jiHHeHHofi 3aBHCHM0CTH apKOCTH Ka>K,zjoro nHKcejia Ha CHHMKe HH3Koro pa3peineHHa 
OT nponeHTHoro coaepacaHHa B HCM TOFO HJIH HHoro KJiacca noßepxHOCTH. Ka>imbiH 
KJiacc noßepxHOCTH BHOCHT B OSHJHH cnrHaji CBOH BKJia#, no KOTopoMy H npe,zyiaraeTca 
onpe^ejiHTb coflepacHMoe ßaHHoro nHKcejia. 

AHEUIH3 npOH3BO^HTCa B HeCKOJIbKO 3TanOB. 
BHanane npoH3Bo^HTca KJiaccnipHKaHHa «o6yHaK>mero» cHHMKa BbicoKoro pa3- 

penieHHa. B #aHHOM cjiynae HHCJIO KJiaccoB He /JOJDKHO 6onee neM Ha e^HHHHy npeBbi- 
maTb HHCJIO KaHajiOB CKaHepa c HH3KHM pa3penieHHeM. Tnnbi noßepxHOCTH, Bbmenae- 
Mbie B Kjiaccbi, BbiönpaioTca B cooTBeTCTBHH c 3a#aneH, — nanpHMep, Bo^a, paera- 
TejibHOCTb, noHBa H nponee. 

Ha cjie,zryiomeM: 3Tane ßjia KaHCßoro nHKcejia «oöynaioinero» CHHMKa HH3Koro 
pa3pemeHHa BbiHHCJiaeTca nponeHraoe co#epacaHHe B HCM KJiaccoB noBepxHocrH. IIpH 
3T0M HcnoJib3yeTca HH(popMaHHa o KJiaccax c «oöynaiomero» CHHMKa BbicoKoro pa3- 
peraeHHa. 
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3aTeM   BfeIHHCJlflIOTCa   K03(})(j)HIi;HeHTbI   ynOMSHyTOH   3aBHCHMOCTH,   KOToptie   H 
npHMeHaiOTca BnocneACTBHH jinx. peineHHfl oöpaTHOH 3a/iaHH — Haxoac^eHHa npo- 
qeHTHoro co^epacaHHa HeKOToporo KJiacca noBepxHocra B nHKcene CHHMKa HH3Koro 
pa3pemeHHa npn H3BecTHOH apKOCTH nHKcejieft. TaKHM o6pa30M, BbiHHCJieHHe KOSC])- 

<J)HHHeHTOB flOJiaCHO npOHCXO^HTb C HCH0JIb30BaHHeM CHHMKOB BblCOKOrO H HH3KOrO 
pa3peineHHa, cflejiaHHbix npHÖjiEBHTejibHo B O^HO H TO ace BpeMa, HHane H3MeHeHHa 
nOBepXHOCTH BO BpeMeHH BHecyT 3HaHHTeJIBHyiO flOJIK) nOrpeiUHOCTH B BbFfflCJieHHa. 

IlpH nocTynjieHHH onepeflHoro CHHMKa BbicoKoro pa3penieHHa K03<j)(j)HHHeHTbi 
KoppeKTHpyioTCfl. npaeMJieMafl TOMHOCTB floeraraeTca 3a cneT Hcnojib30BaHHa Bcex 
cneKTpajibHbix KaHanoB CHHMKa HH3Koro pa3pemeHHa (B cjrynae CHHMKOB CO cnyTHHKa 
NOAA-12 — 5 cneKTpajiBHBix KaHajiOB). 

OneBHAHo, HTO B 3a«aHax onepaTHBHoro HaöJiiofleHHa HeoöxoßHMO BbiflejieHHe 
rpynnBi TaKHx KjiaccoB noBepxHocTH, H3MeHeHHe B pacnojioaceHHH H pa3Mepax KOTO- 

pbix nponcxoaax ötiCTpo, H, cjienoBarejibHo, HX Hejiecoo6pa3HO OTCJieacHBaTb c Maic- 
CHMaJIBHO  B03MOaCHOH  HaCTOTQH.   TaK,   BO   BpeMa  naBOßKOB   nOJie3HO  Ha6jIK)flaTB  3a 
npOÄBH>KCHHeM KpoMKH BOflBi, JIH6O 3a npoueccoM TaaHHa CHeroBoro noKpoBa; npH 
Ha6jnofleHHH KpynHBix noacapoB Taoce HeoSxo/niMO nocroaHHo KOHTpojinpoBarb npo- 
ABHaceHHe oraa. C .npyroM CTopoHBi, HeT HeoÖxoflHMoera B HenpepbiBHOM Ha6jno,zje- 
HHH 3a rpaHHijaMH jiecoB HUH cenbCKOxo3aHCTBeHHbix yro,a;HH. 

AKTyajibHOCTi» pemcHiiii lajisinu 

PeineHHe onncaHHOH 3a#aHH no3BOJiaeT: 
nojiynaTb 6ojiee oneparaBHyio HH<j)opMauHio o 6bicTpo npoTeKaioinnx npouec- 

cax. Bo3MoacHOCTb iiojiynaTb CHHMKH BbicoKoro pa3pemeHHa c TpeSyeMOH nacTOTOH 
npeAOCTaBJiaeTca He Bcer^a. B STOM cnynae npoÖJieMa OTHacTH MoaceT 6biTb peuieHa c 
noMoiHbio cy6nHKcenbHoro aHajiH3a 6ojiee flocTynHbix CHHMKOB HH3Koro pa3peuieHHa: 
BbmejiHB 30Hbi c o/piHaKOBbiM npoHeiHTHbiM co/jepacaHHeM paccMaTpHBaeMbix KjiaccoB 
nOBepXHOCTH  H,  CpaBHHBaH  HX  Ha pa3HBIX  CHHMKaX,  MOaCHO  CyflHTb  06  H3MeHeHHH 
pa3MepOB H nojioaceHHa STHX 30H; 

oxBaTHTb Ha6jno#eHHeM Sojiee oGmnpHbie TeppHTopHH, neM no3BOJiaeT STO cae- 
jiaTb Hcnojib30BaHHe CHHMKOB TOJIBKO BbicoKoro pa3peineHHa. B paccMarpHBaeMOM 
npHMepe CHHMKH HH3Koro paBpeuieHHa oxBarbiBaioT öojiee oöninpHyio rniomauB, neu 
CHHMKH BBICOKOrO pa3peUieHHa. K034)4>HHHeHTbI 3aBHCHMOCTH, BblHHCJieHHbie flJia 30H 
nepeKpbiTHa CHHMKOB pa3Horo pa3pemeHHa, MOHCHO npHMeHHTb /uia cy6nHKcenbHoro 
aHajiH3a ocTaBHiefica nacra noBepxHocTH; 

yMeHbiHHTb 3aTpaTbi na HccjieaoBaTejibCKHe paöoTbi (B HacTHocra, CBa3aHHbie c 
coxpaHeHHeM CHHMKOB) B paae npHJioaceHHH, He TpeöyioiHHx BBICOKOH TOHHOCTH BH- 

aejieHHa TpeöyeMbix KjiaccoB noBepxnocTH. 
TaKHM o6pa30M, npHMeHCHHe cyönHKcejibHoro aHanH3a MoaceT 6biTb uenecooö- 

pa3HO, HanpHMep, B xex cjiynaax, Konja Heoöxo/jHMa onepaTHBHaa HH(J)opMaHHa o He- 
3HaHHTejibHbrx B MacnrraÖe CHHMKOB HH3Koro pa3pemeHHa HSMeHeHnax, Kcropbie, o#- 
HaKO, Heoöxo^HMo oTCJieacHBaTb, JIHöO ßjia pacnpocrpaHeHHa Ha6jno,n;eHHH noBbmieH- 
HOH TOHHOCTH Ha 3HaHHTeJIbHbie TeppHTOpHH. 

IIpoßjTteiviw, B03HHKaiomne npH penieimii 

B HacToanjee BpeMa npn pemeHHH nocTaBJieHHOH 3aa;aHH B cjiynae CHHMKOB, no- 
jiyneHHbix c pa3Hbix cnyrHHKOB, B03HHKaK>T cneflyiomHe Tpy^HocTH: 
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aBTOMaTHHecKaa npHBasKa Hcxofliibix CHHMKOB K ra>rpa$iraecKHM KoopflHHaTaM, 
KOTopaa Heo6xo«HMa wia npocTpaHCTBeiraoro coHMememra CHHMKOB H OT TOHHOCTH 

KOTopoM cymecTBeHHo 3aBHCHT KanecTBO jjajiBHeHHieH o6pa6oTKH; 
aBTOMaranecKaa KJiaccH^HKamra noBepxHOCTeft Ha CHHMKe BbicoKoro paspeme- 

HHH c yneTOM nocraBJieHHOH nenn; 
aBTOMaTH^ecKoe oönapyaceHHe H HCKjnoneHHe oSnacTefi, 3aKp&rrtix oöJianHO- 

CTBIO, ana yMeHBHieHM norpeniHOCTH oöpaöoraa; npn HeKOTopoM noporoBOM coflep- 
xaHHH saxptiTbix oSjiaKaMH yqacTKOB Heo6xoflHMO coBceM 0TKa3aTbca OT aHajnm; 

aBTOMaranecKoe npocTpaHCTBeHHoe coBMemeHHe KOCMHHCCKHX CHHMKOB HH3KO- 

ro H BticoKoro pa3pemeHHa. 
HeTpy^HO 3aMeTHTB:, HTO OCHOBHHC Tpy^HOCTH CBa3aHti c npoueccoM no^roTOB- 

KH HCXoflHoro MaTepnajia. OjmaKO HJWO ynecTb, HTO 6OJIBHIHHCTBO äCHCTBHH, Heo6xo- 
AHMBix fljia paspeiueHHa nepenHCJieHHtix Bbime npoÖJieM, BbinojiHaiOTca oöasarejibHO 
npn pemeHHH juo6bix 3«wa^ no flan&HeäineMy HccjieflOBaHHio CHHMKOB. 
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The complex processing of different resolution remote sensed images 
S.Kusimov, A.Sultanov, 

V.Bagmanov, T.Nugmanov 
'    The Ufa State Air Technical University 

Ufa, K.Marx street, 12 
Phone/fax (3472) 230689 

The statement of the problem 
The tendency to increase the spatial resolution of the systems used in the Earth 

remote sensing is now traced. On the other hand, there is an experience of increase of 
measurements selfdescriptiveness by the integrated data processing. 

The problem consists of the following. Let there are remotely sensed images of 
the same segment of the Earth surface geometrically combined one to another, but have 
the various spatial resolution. It is suggested to process this images so that it allows to 
make authentic conclusions about some surface classes contents in each low resolution 
pixel (we shall name this processing as subpixel analysis). 

It is possible to receive different resolution remotely sensed images of one Earth 
surface segment by several ways. It can be, for example, the different channels of the 
same device, or different remote sensing systems data. In the given case it is considered, 
that all low resolution images are obtained by the same device and represent different 
frequency channels of the same scanner. So, the described problem can be decided for 
images from the "Resource-01M (45 m resolution) and NOAA-12 (5 channels with 1.1 
km resolution) satellites. 

The proposed solution method 
The proposed solution of the problem is based on the supposition about linear re- 

lation between each low resolution pixel brightness and its surface classes percentage. 
Each surface class introduces to the general signal the contribution, which is used to 
determine contents of a given pixel. 

The analysis is made in some phases. 
In the beginning classification of a "learning" high resolution image is made. In 

our case number of classes depends on the low resolution scanner channels number. The 
types of surfaces grouped in classes, are selected pursuant to a problem, - for example, 
water, vegetation, soil and other. 

At the following phase the percentage of surface classes for each pixel of the 
"learning" low resolution image is calculated. Thus the classes information of the 
"learning" high resolution image is used. 

Then the factors of the mentioned relation are calculated and applied afterwards to 
the solution of a return problem - to determine the percentage of some surface classes in 
each low resolution pixel using known pixels brightness. Thus, the calculation of factors 
should happen to use the high and low resolution images made approximately in the 
same time, differently the time surface changes will introduce a significant error to cal- 
culations. 

When the next high resolution image is obtained the factors are corrected. The ac- 
ceptable accuracy is achieved by using of all low resolution image spectral channels (in 
case of NOAA-12 — 5 spectral channels). 
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Obviously, in tasks of operative observation it is the necessary to allocate groups 
of such surface classes, that arrangement and size are changing fast, and, therefore, they 
are expedient for watching with the greatest possible frequency. So, during high waters 
it is useful to observe water edge propagation, or snow cover thawing; when large fires 
observation it is also necessary to inspect fire propagation. On the other hand, there is 
no necessity in the continuous forest boundaries observation. 

The solution relevance 
The solution of described problem allows: 
to receive the more operative information on fast flowing past processes. It is of- 

ten difficult to receive high resolution remotely sensed images with required frequency. 
In this case the problem can be partly solved by using of the subpixel analysis with 
more accessible low resolution images: by allocating zones with identical considered 
surface classes percentage and comparing them for different low resolution images, it is 
possible to determine resizing and position changes of these zones; 

to expand observation for more extensive territories, than it allows by using of 
high resolution remotely sensed images only. In a considered example the low resolu- 
tion images cover the more extensive area, than the high resolution ones. It is possible 
to apply the relations factors, calculated using the overlap zones of different resolution 
images, for the subpixel analysis of the rest of the surface; 

to reduce research activities costs (in particular connected with images storing) in 
a number of the applications which are not requiring the high accuracy of demanded 
surface classes allocation. 

Thus, it is efficient to use the subpixel analysis, for example, when need to get an 
operative information on little surface classes changes using low resolution images, or 
when expanding observations of increased accuracy on large territories. 

The arising problems 
In case of different remote sensing systems images processing the following diffi- 

culties are arising: 
automatic binding of initial images to geographical coordinates, which is neces- 

sary for spatial overlapping of images and on which accuracy quality of further proc- 
essing essentially depends; 

automatic classification of surfaces on the high resolution images according to 
task; 

autodetect and elimination of areas covered by clouds, for reduction of processing 
errors number; 

automatic spatial overlapping of different resolution remotely sensed images. 
It is easy to notice, that the main difficulties are connected to the initial material 

preparation process. However it is necessary to take into account, that majority of op- 
erations necessary for the above listed problems solution, are executed necessarily dur- 
ing the solution of any problems on further research of remotely sensed images. 
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MeTOflH o6pa6oTKH HHcpopMaijHH PCA B CHCTeMax ynpaBJieHHH 
npHpoflHHMH pecypcaMH. 
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PedpepaT 
Aoicrcan, npe^cTaBJiJieT onncamie nporpaMMHoro KOMiuieKca o6pa6oTKH 

ÄaHHfeIX ^HCTaHIIHOHHOrO 30HflHpOBaHHH paflHOJIOKaTOpOM c 
cHHTe3HpoBaHHeM anepTypw aHTeHHbi (PCA). PaccMOTpeHbi KOHnenmra 
KOMnjieKca, ocHOBHbie TpeooBanHH K HeMy, nepeneHb pemaeMbix zajim, 
cTpyKTypa H cocTaB cpe«CTB. IlpHBefleHO KpaTKoe onncaHHe BxonamHX B 

nporpaMMHtiH KOMiuieKc MOflyjieö. 

B flOKJiafle paccMaTpHBaeTca  KOHnenuHH nporpaMMHoro  KOMiuieKca 
06pa60TKH   paflHOJIOKaDIHOHHBIX   aaHHWX   flHCTaHHHOHHOro   30*mHpOBaHHJI 
3eMjTH Ha Ha3eMHOM iryHKre - KoMnjieKC 06pa6oTKH PazniojioKauHOHHbix 
üaHHbix (KOVJX). CncTeMa npe£Ha3HaiieHa äJIH oöpaöoTKH ztaHHwx KaK c 
KocMEraecKHx njiaTcpopM, Tax H C aBHanHOHHbix HocHTejien. B ocHOBe 
KOHHenuHH jieacHT TpeSoBaHHe  K CHCTeMe  o6pa6oTKH  no  MaKCHMajibHO 
nOJTHOMy    BblflejieHHIO    HHCpOpMaUHH    H3    pa^HOJIOKailHOHHMX    /laHHWX    H 
reHepannio nojmoro HaÖopa BTOpiMHbix HmpopManHOHHbix npozryKTOB. 
KOPH aojiacHa paöoraxb c flByMfl THnaMH AaHHbix ,0,3. K nepBOMy THny 
OTHOCÜTCH      flaHHbie       C       KOMMepHeCKHX      paflHOJIOKailHOHHblX       CHCTeM 
HaöjiioßeHHa, T.e. TaKHe «aHHbie, KOTOpwe ^ocTynHbi innpoKOMy Kpyry 
nojib30BaTejiefi, pacnpocTpaHHioTCfl 6e3 KaKHX-jra6o orpaHHqeHHH H 

conpoBoxaaioTCii     flocTaiwiHo     nojraoH     cjiyace6HOH     HHCpopMaHHen, I 
AocTaTOHHOH jsjin ^ajibHeHDieö o6pa6oTKH. IIporpaMMHbiH KOMiuieKc KOP^I, ' 
noaaepxcHBaeT o6pa6oTKy TaKoro THna aaHHbix B qacra CHHMKOB C 

KocMHqecKHX PCA SIR-C/X, ERS-1/2, JERS-1, Radarsat, ALMAZ-1. 
CTpyKTypa nporpaMMHoro KOMnjieKca ABJIHCTCH pacmnpaeMOH, T.e. MoaceT 
6biTb   flo6aBJieHa   BO3MO*MOCTI>   paßoTbi    c   AaHHMMH    nepcneKTHBHbix , 
paaHOjioKanHOHHbix     CHCTeM     HaojnofleHira,     TaKHX     KaK     Radarsat-2, I 
ENVISAT. Ko BTopoMy THny .naHHbix OTHOCOTCH CHHMKH C 

HeKOMMepnecKHX H cneuHajibHbix paoHOJioKanHOHHbix CHCTCM, 

oöjia^aiomHx cneHHcpEraecKHMH xapaKTepHCTHKaMH H HacTo He 
conpoBoxyiaeMbie noflpoÖHOH c.nyjKe6HOH HHcpopManneH. K 3TOMy THny 
OTHOCHTCH, HanpHMep, flaHHbie c caMOJierabix HocnrejieH PCA. QOHHM H3 
OCHOBHMX    TpeöoBaHHH    K    KOPß    HBjraeTCfl    no^mepjKKa    o6pa6oTKH 
MHOrOHaCTOTHblX, MHOronOJIHpH3aHHOHHbIX, MHoropaKypcHbix H 
pa3HOBpeMeHHbix flaHHbix. Ha Bbixoae cncTeMw cpopMHpyeTca Ha6op 
HH^OpManHOHHblX npQOyKTOB HJ1H cjioeB. 3TH CJIOH Moryr 6wTb B 
ÄajibHeHnieM HHTerpHpoBaHbi B Han6ojiee pacnpocTpaHeHHbie 
reoHH(popMaHHOHHbie CHCTeMbi. HpHMepaMH CJIOOB HBJUHOTCH pacTpoBbie 
HJIH      BeKTopHbie      aaHHbie      c      pe3yjibTaTaMH      KJiaccHcpHKanHH      c 
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Hcnojib30BaHHeM    paaniwHbix    CBOHCTB    paziHOjioKaHHOHHoro     CHraajia 
(OTpaiKBTejIbHOH   CnOCo6HOCTH   nOBepXHOCTH,   npOCTpaHCTBeHHOH   TeKCType 
cHHMKa, xapaKxepHCTHKaM ppmicymflxca. oGbeKTOB) HJIH HOBbie 
HHtpopMaLtHOHHbie npoflyKTbi, TaKHe KaK HHcppoBbie MozjejiH pejibedpa, 
MaTpHijbi        jioKaAbHbix        HaKjioHOB        noBepxHocra, pe3yjibTaTbi 
KoppejiaiiHOHHoro aHajiH3a ÄByx H öojiee CHHMKOB H T.^. 

.ZJJIH    6ojibmoro   HHCjia   nojib30BaTejieH   aaHHbix   ^HCTaHUHOHHoro 
30HZIHpOBaHHH,       HpHEblKIUHX      K      paÖOTe      C      OnTHHeCKHMH      flaHHblMH, 
BocnpHHTHe paflHOJioKanHOHHOH HHcpopMaHHH npe^cxaBJUieT onpeflejieHHbie 
TpyflHOCTH.     3TO     CBJI3aHO     C     HCKOTOpblMH     OCOÖeHHOCTOMH     paCCeilHHfl 
pa^HOJioKaiiHOHHoro CBH CHraajia noflcTHJiaiomeH noBepxHocrbio H, KaK 
CJieflCTBHe,     C     HpKOCTbK)     OÖbeKTOB     nOBepXHOCTH     Ha     CHHMKC     BTOpOH 
oco6eHHOcTbio PCA flBjraeTc» öOKOBOH 0630p npH nojryqeHHH CHHMKOB H 

CBH3aHHbie c 3THM cnenrapHHecKHe reoMeTpHnecKHe HCKaaceHira. TaKHM 
o6pa30M, oflHOH H3 Hejieii co3flaHHH KOP,3, HBJIUQTCH npeo6pa30BaHHe 
CHHMKOB    PCA    K    cTaH^apTHOH    cpopMe    npeflCTaBjiemiH     (njiaHOBaa 
npoeKHH»),      npH     KOTOpOH     B03MOXHO     COBMeiUeHHe     HX     C     flaHHMMH, 
nojryieHHbiMH APJTHMH flaTHHKaMH. 

B JIHTepaTypHblX HCTOHHHKaX MOiKHO HaHTH HeCKOJIbKO KOHHenHHH 
06pa60TKH   paflHO.n:OKaHHOHHbIX   flaHHblX   flHCTaHHHOHHOrO   30HflHpOBaHHÜ, 
HanpHMep:      KOHHenHHH      HHTepcpepoMeTpHHecKoit [1],      [2]      H 

ÄH4>cpepeHHHajibHOH HHTepdpepOMeTpHHecKoii o6pa6oTKH [3], [4], 
reHepauHH HH4)poBbrx KapT Ha ocHOBe BTOpHHHbix nponyKTOB 
HHTep(pepoMeTpEraecKOH     o6pa6oTKH     [5],      [6], [7],      reHepauHH 
TonorpajpHHecKHX KapT [8J. 

IlpeACTaBjieHHaH B STOM flOKJiafle KOHHenHHH H ee peajiH3amifl 
onepHpyeT c nojiHMM neperaeM nponyKTOB panHOjioKauHOHHbix flaHHbix, a 
He TOjibKo c KaKOH-jra6o BeTBbK) o6pa6oTKH. OÖmaa cxeMa noxoKa 
oöpaöoTKH AaHHbix npeflcraBjieHa Ha pncyHKe 1. Ha pncyHKe 2 noKa3aH 
"napaMeTpHMecKHfi Ky6", c noMombio KOTOporo MOJKCT 6biTb npe,n;cTaBJieH 
Becb oöbÖM Hcxo^Hbix flaHHbix mm o6pa6oTKH, BKjno^aa 
HHTepcpepoMeTpHHecKyio Ha HecKOJibKHX nacTOTax H c pa3HWMH 6a3aMH, 
cTepeoo6pa6oTKy H pa3JiHHHbie Mexoflbi KjiaccH(pHKaHHH. 

npeflcraBjieHHafl B flOKJiafle KOHHenHHH CHCTCMW o6pa6oTKH 
paziHojioKaHHOHHBix ^aHHbix ßß peajiH30BaHa B HIIO MaiHHHocTpoeHHH B 

BH^e   nporpaMMHoro   naKeTa,   BionoHaiomero   B   ce6n   Ha6op   Moayjien, 
KOTOpbie      MOiyr     6bITb      CKOMÖHHHpOBaHbl     B     paSJIHHHMX      COHeTaHHHX, 
cooTBeTCTByiomHX nejMM oöpaöoTKH. ELaKeT opHenrapoBaH Ha pa6oTy Ha 
nepcoHajibHbix KOMnbioTepax HJIH paÖo^nx CTaHHiwx nog ynpaBjieHHeM 
onepaHHOHHbix cucreM Windows95, Windows98, WindowsNT. 

MoayjiH   B   cocTaBe   naKeTa   Moryr   6biTb   ycjioBHo   pa3,n;ejieHbi   Ha 
(pOpMHpyiOmHe       OCHOBHOH       nOTOK       OÖpaÖOTKH       flaHHblX       H       MQZiyjIH 
o6ecneHHBaioin,He BbinojiHCHHe cjiyaceÖHbix onepaHHH. 

dpyKTypa KOP^ BKjnonaeT B ce6n cjie/iyiomHe MO#yjiH. 
1. MoflyJtb nepBHHHOH o6pa6oTKH flaHHbix PCA (cHHTe3 H3o6paaceHHH 

H3 paflHorojiorpaMMbi). Moayjib HMeeT cjie^yiomHe ocHOBHbie CBOHcrea : 
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- B03M0JKH0CTb H3MeHeHHJi nojib30BaTejieM napaMeTpoB onopHon 
(pyHKi];HH; 

- Hcnojib30BEHHe aaaiiTHBHoro anropHTMa oßpaöoTKH; 
- peajiH3aiiM5i npone/jypbi "öbicTporo" CHHTe3a c yxy/jineHHbiM 

npocTpaHCTBeHHbiivp paapemeHHCM fljia nojiyneHira oÖ30pHbix H3o6pa»:eHHH 
ncviHOH cneHbi n Bbi6opa no HHM HHTepecyioinero nojib30BaTejra ynacTKa 
zura «ajibHeHiuefi /j,eTajibHoö o6pa6oTKH; 

HajIHHHe        (pyHKHHH        aBTOCpOKyCHpOBKH        H        HHTepaKTHBHOH 
CpOKyCHpOBKH, npOH3BOJj;HMOH OHepaTOpOM no BblÖpaHHblM HpKHM TOMKaM. 

2. Monyjib reoKO/jHpoBaHHH H opTopeKTCKpHKannn 
panHojioKannoHHbix rooöpaaceHHH. Monyjib peajiH3yeT cjie/jyiomne 
6a3HCHbie 4>yHKHHn: 

- reoKOflHpoBaHne   (TpaHctpopManira   H3o6pa;KeHHH   H3   npoeKunn 
HaKJIOHHOH        HJM        Ha3eMHOH        flajIbHOCTH        PCA        B        BbiÖpaHHyio 
KapTorpatpirqecKyio npoeKnnio); 

- opTopeKTHcpHKanna H3o6paaceHHH (npeo6pa30BaHHe K njiaHOBon 
npoeKunn) c Hcnojib30BaHneM onopHbix nncppoBbix KapT pejibe<pa 
MecTHOCTH HjiH nn<ppoBbix Mo#ejien B03BbiraeHHH pejibe(pa, nojiyMeHHbix 
cTepeo HJTH HHTep^epoMeTpi^iecKOH o6pa6oTKon caMHX 
pajiHOjioKannoHHbix jjaHHbix; 

- reoKOflnpoBaHHe n opTopeKTncpHKannji nncppoBbix MaTpnn pejibecpa, 
creHepnpoBaHHbix CTepeo H HHTepcpepoMeTpiraecKHM nponeccopaMn; 

- TpaHccpopMannii H3o6paaceHnH H3 npoeKnnn HaioioHHon flajibHocrn 
B Ha3eMHyio nyreByio npoeKnnio (B KanecTBe MOflejin noBepXHOcTH MO^KüT 

6biTb Hcnojib30BaHa iuiocKocTb, ccpepa HJIH ajurancoH/j;); 
- yro^HeHne   TeKymnx   napaMeTpoB   op6nTbi   miaTcpopMbi   PCA   c 

HCnOJIb30BaHHeM       Ha3eMHbIX       KOHTpOJIbHblX       TOHeK       Bbl6paHHbIX       Ha 
H3o6paaceHHH (peineHHe oGpaTHon 3ajj,aHH); 

- pac^ieT    MacKH    oÖJiacTen    3aTeHeHHfl    ,zura    o6pa6aTbiBaeMoro 
H3o6pa»:eHHa   H   MaCKH   OÖjiaCTCH   C   OÖpaTHbIMH   CKJIOHaMH   OTHOCHTejIbHO 
HanpaaneHHH BH3HpoBaHHH. 

3. Mo/jyjib reHepanHH nncppoBbix MaTpnn pejibecpa. B naiceTe 
peajiH30BaHO jjpBa MeTqzja: cTepeoMeTpnHecKHH H HHTepcpepoMeTpHHecKHH 
KaK ABa pa3aejibHbix nporpaMMHbix nponeccopa. fljni CTepeo nponeccopa B 

KanecTBe BxoziHbix AaHHhix Hcnojib3yioTCH CHHMKH B Ha3eMHOH nyTeBon 
npoeKHHH, a TJJM HmrepcpepoMeTpHHecKoro nponeccopa B npoeKnnn 
HaKjioHHon flajibHOCTH. Bbixo^oM 060HX nponeccopoB »BjiaeTca pacTpoBbin 
cpaftji, npe^cTaBJiüromnn co6ofi reoKQznipoBaHHyio H 

opxopeKTHcpHnHpoBaHHyio MaTpnny B03BbinieHHH pejibecpa. 06a 
nponeccopa B KanecTBe aonojiHHTejibHon cpyHKnnn HMeioT B03Mo:>KHocTb 
Hcnojib30BaTb onopHbie aaHHbie o pejibecpe. 3TO MoxeT SbiTb CTaH^apTHa« 
UHCppoBan KapTa pejibecpa, 6ojiee KpynHOMacniTaÖHaa n c xymnnM 
pa3penieHHeM, qeM pe3yjibTHpyK>ina5i, JIH6O pe3yjibTaT BoccTaHOBJieHira 
pejibecpa /jpyrnM MeTOJjoM, CTepeo MeToaoM jjyra HHTepcpepoMeTpEraecKoro n 
Hao6opoT. ßflsi HHTepcpepoMeTpHHecKoro MeTQZja peajiH30BaHa 
MHoro^acTOTHaa o6pa6oTKa H ncnojib30BaHne rpynnbi CHHMKOB c pa3HbiMH 
HHTepcpepoMeTpBraecKHMH 6a3aMH. B Ka^iecTBe ÄonojiHHTejibHoro npo/jyicra 
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HHTep4>epoMeTpHraecKoii   o6pa6oTKH   co3flaeTCJi   Marpnna   KorepeHTHoera 
CHHMKOJB, KOTOpaÄ MOiKST 6bITb HCnOJIb30BaHa npH KJiaCCHCpHKanHH THnOB 
paCTHTejIbHOCTH,     nOKpblBaiOmHX    nOBepXHOCTb,     H     MaTpHUa    JIOKajIbHblX 
HaKJioHOB noBepxHocTH. Bojiee fleTajibHo nponeccopbi BoccTaHOBJiemui 
pejibecpa noBepxHocTH, pa3pa6oTaHHbie B HITO MaiUHHOCTpoeHna, 
paccMorpeHbi B [9]. 

B      HHTepC^epOMeTpHHeCKHH      npOIieCCOp      BKJHOMeHa      B03MO>KHOCTb 
oöpaöoTKH AaHHbix PCA MCTOJJOM .znicpcpepeHnHajibHOH HHTepcpepoMeTpHH, 
no3BOji5iiomeH o6HapyacHBaTb MejiKOMacuiTaÖHbie (flo ejxmmu, caHTHMeTpoß) 
noflBicKKH 3eMHOM noBepxHocTH no TpeM H 6ojiee HHTepcpepoMeTpEraecKHM 
CHHMKaM. 

4. Mo/jyjib KJiaccH(pHKaixHH o6beKTOB Ha noBepxHoera. AjiropHTMbi 
KJiaccHcpHKauHH MOXHO pa3,o;ejiHTb Ha #Be rpynnw, cooTBeTCTByiomHe rapy 
KJiaccH(pHUHpyeMbix o6beKTOB. Bee o6beKTbi ycjioBHo pa3#ejunoTCH Ha 
TOHeHHbie uejiH H npocTpaHCTBeHHO pacnpejjejieHHbie o&beKTbi. ToneHHbie 
HejiM npeflCTaBJiHioT co6oii npKHe ajieMeHTbi H3o6pa*:eHHH pa3MepOM B 

HecKojibKO nHKcejioB. 06i,iqHo STO oöbeKTbi HCKyccTBeHHoro 
npoHcxo^cneHHfl. 06beKTbi Ha H3o6pa>KeHHH, HMeiomne ecTecTBeHHyio 
npnpo,ny (Jieca, BOJjoeMbi, cipyicrypbi pejibecpa), HJIH cejibCKoxo3McTBeHHbie 
nojui paccMaTpHBaiOTCH Ka npocTpaHCTBeHHO pacnpe/JtejieHHbie oöbeKTbi. 
CorjiacHO TaKOMy flejieHHio, MO/jyjib KJiaccHcpHKauHH pa3aejraeTC5i Ha RBC 

rpynnbi ajiropHTMOB: 
- ajiropHTMM fljia oÖHapysceHua H KJiaccncpHKanHH TCwenHbix nejieft 

Ha cpoHe cneKJi-myMa, HMeiomero pa3JiHraHbie cTaTHCTHHecKHe cBoiicTBa 
(TeKCTypy); 

- ajiropHTMM KJiaccHcpHKanHH THnoB noflCTHjiaiomeH noBepxHocTH 
pa3jiHMHbiMH no^cxoflaMH: c oöyqeHHeM H 6e3 o6yqeHtra, ajiropHTMbi 
Hcnojib3yiomHe HefipoceTeByio KjiaccHcpHKanHio. 

5. Mooyjib oÖHapyaceHHH flBKacymnxcu nejieH. 
6. Mo/jyjib yjiytiiueHHH H3o6paxeHHH. B Mo/jyjie peajiH30BaHbi 

(pyHKHHH no^aBJieHJW cneKJi-myMa H cTaHflapTHbie onepaHHH oöpaöoTKH 
H3o6paXeHHH (KOppeKHHil rHCTOipaMMbl,  BblflejieHHC  KOHTypOB,   CBepTKa H 

7. Mo/jyjib aHajiHsa H3o6pa»:eHHH. BionoHaeT cjie/jyioinHe ocHOBHbie 
rpynnbi ajiropHTMOB aHajiH3a: 

- TeKCTypHbift aHajiH3 no o^HOMepHOH H /jByMepHOH racTorpaMMaM 
H3o6pa)KeHH5i; 

- HacTOTHbiH aHajiH3, BKruoHaa onepanHH KoppeiajHH cneKTpa H 

reHepanHH HOBoro H3o6paaceHHii co cKoppeKTHpoBaHHWM cneKTpoM; 
- perpeccHOHHbiH aHajiH3. 
8. Mo/jyjib HMnopTa H aiccnopTa aaHHbix. 3TOT Mo/jyjib BbinojnraeT 

Ha6op onepaHHH no npeo6pa30BaHHio HcxoflHbix jjaHHbix BO BHyrpeHHHH 
cpopMar naxeTa, HTeHHe HaH6ojiee pacnpocTpaHÖHHbix BapnaHTOB cpopMaTa 
ZiaHHbix CEOS, 3anncb napaivieTpoB CEOS B 3arojioBOK cpaöjia 
H3o6pa]«eHH5i HJIH B oTflejibHbiH cpanji, 3KcnopT pe3yjibTHpyiomHX 
pacTpoBbix H3o6paxeHHH H3 BHyrpeHHero cpopMaTa B HanSojiee 
pacnpocTpaHÖHHbie    cpopMarbi,    no/mep}KHBaeMbie    ßpyraMH    naxeTaMH 
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oÖpaöoTKH pacTpoBbix H3o6pax:eHHH, H B cpopMaTM reoHH(popMan;HOHHbix 
cHCTeM. B Mo^yjie BbinojitweTCH TaKaü cnenncpHraecKafl JUIH 

pa/iHojioKauHOHHWx       «aHHMX       onepauKW,       KaK       npeo6pa30BaHne 
HHTeHCHBHOCTH aMnjIHTyZIHOFO CHHMKa        B SHa^ieHHfl yZjeJIbHOH 
3Cp4)eKTHBHOH       IIJtOmaflH       pacceflHHH,        KOTOpbie        flBJIHIOTCÄ        MepOH 
oTpaxaTejibHOH cnoco6HocTH noBepxHocTH H ncnojib3yioTC5i &JIH 

KJiaccH4)HKau;HH THnoB noBepxHocTH. Moayjib 3KcnopTa/nMnopTa BKJiKrcaeT 
HeKOTopwe ajiropHTMbi cacaTHH aaHHbix. 

9. Monyjib TpexMepHoro npeflCTaBJieHHH pe3yjibTaTOB oöpaöoTKH 
paflHOJioKaiiHOHHbix aaHHbix. oöecne^HBaeT B03MoacHOCTb nepcneKTHBHoro 
npeACTaBJieHHH nncppOBbix Moaejien pejibetpa c HajiojKeHHeM Ha HHX 

aMiUTHTyflHbix H3o6paaceHHH (TeKCTyp), BHezipeHHeM xapaKrepncTHK 
oöbeKTOB H3 6a3bi flaHHbix, npeflCTaBJiaiomHX CO6OH pe3yjibxaTbi 
KJiaccncpHKannH THnoB noBepxHocra H Tone^Hbix nejieö. Heo6xoziHMOCTb 
peajiH3aii;HH TpexMepuoro npeflCTaBJieHHa pe3yjibTaTOB oöpaÖOTKH B 

nporpaMMHOM naxeTe oöycjioBjieHa BaacHOCTbio KOHTeKCTHoro aHajiroa 
onepaTopoM Bcefi coBOKynHocra nojiyqeHHbix ÄaHHbix. 

10. Mooyjib Mojj,ejiHpoBaHna paßHOjioKannoHHbix flaHHbix. HMeeTca 
B03MO)KHocTb MOflejinpoBamra cjie,nyiomHX THnoB ^auHbix: 

- paziHorojiorpaMMa; 
- H3o6pa>KeHHe B npoeKnnn HaKjioHHoii ßajibHocra n B npoeKnnn 

Ha3eMHOH flajlbHOCTH B KOMIIJieKCHOH HJIH aeHCTBHTCJIbHOH (pOpMe; 
- HHTep4>eporpaMMa noBepxHocTH, KOMneHCHpoBaHHa« ((pa3a 3aBHcnr 

TOJibKo OT BbicoTbi) H HeKOMneHCHpoBaHHaa (Ha6er cpa3bi no BbicoTe n 
Ha3eMHOH flajibHocTH); 

- BTopoö CHHMOK cTepeonapw c Hcnojib30BaHHeM napaivreTpoB 
ABK>KeHKM H aMnjiHTyo; nepBoro CHHMKB. 

MoziejinpoBaHne pa/mojioKannoHHbix flaHHbix pa3,a;ejnieTCfl Ha flBa 
nponecca: reoMeTpHHecKoe n pannoMeTpnqecKoe MOÄejiHpoBaHHe. B 
nporpaMMHOM 6jioKe reoMeTpiwecKoro MOflejinpoBaHna paccHHTMBaioTca 
npocTpaHCTBeHHbie cooTHoniennfl Meayiy sjieMeHTaMn noBepxHocTH Ha 
cHHMKe c Hcnojib30BaHHeM napaMeTpoB ABEDKeHna njiaTcpopMbi, ycjioBHAMH 
cbeMKH H flaHHbix o Bbicoxax pejibecpa. B 6jioKe pa^HOMeTpHnecKoro 
MOflejnipoBaHHH onpeflejiaeTCH 5ipKOCTb Kaaqjoro aneMenra CHHMKa c 
npHBjie^eHHeM pe3yjibTaTOB reoMeTpKraecKoro MOflejiHpoBaHHH, anpnopHo 
H3BecTHoro ypoBH« mepoxoBaTOCTH noBepxHocTH H ee ÄnarieKTpHraecKHx 
CBOHCTB. /JJIH paa;HOMeTp]0raecKoro MOflejinpoBamra Bbi6npaeTC5i 
cooTBeTCTByioinaa nepeHHCjieHHWM Bbime napaMeTpaM MQaejib 
paflnojioKannoHHoro pacceaHira noBepxHocTH. B naKeTe peajiH30BaHbi 
HanÖojiee pacnpocTpaHeHHbie Mo^ejin pacceiuraa: reoMeTpiraecKOH OHTHKH, 

CpH3PIH6CKOH OnTHKH, HHTeipajIbHau H HeKOTOpbie npOCTbie MOflejIH, KaK TO, 
(pyHKnna KocnHyca B cTeneHH OäHH, nojiTopa, ÄBa, i?pn. 

ripHBefleHHbie mrace pncyHKH fleMOHCTpnpyioT HeKOTopwe pe3yjibTaTbi 
o6pa6oTKH MHoronacTOTHbix ^aHHbix PCA npe;i;cTaBjieHHbiM naKeTOM 
KOPfl. 

Ha pncyHKe 3 noKa3EHo aMrninryzmoe H3o6pa:>KeHHe yqacTKa 
MocKOBCKofi oÖjiacTH B panoHe r.XyKOBCKHH, nojiyieHHoe PCA SIR-C B L 
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ÄHana30He (ÄiiHHa BOJIHW 24 CM). 3TO nacTb nojiHoro CHHMKa, o^Horo H3 
rpynnbi TecTOBbix flaHHbix, KOTopaa BKJiioHaeT CHHMKH L, S, C, X 
qacTOTHbix aHanasoHOB, nojiyneHHbix PCA AjiMa3-l, ERS-1 H SIR-C/X. 

Ha pHcyHKe 4 npeflCTaßjieHa KOMneHCHpoBaHHaa HHTepcpeporpaMMa 
(pa3HocTHO-(pa30Bafl KapTHHa noBepxHocTH) B C ÄHana30He no yqacTKy, 
noKa3aHHOMy Ha pHcymce 3. CKa^Koo6pa3Hoe H3MeHeHHe JTOKOCTH 

cooTBeTCTByeT cpa30BOMy nepexoay 0-360 rpaaycoB. 
Ha pHcymce 5 noKa3aHa HHcbpOBaa Mo^ejib pejibecba, nojiyqeHHaa 

HHTep^epoMeTpHHecKOH o6pa6oxKOH, B TpexMepHOM npeßCTaBJieHHH. 
Ha pHcyHKe 6 npeacraBJieHbi pe3yjibTaTbi KJiaccncpHKaHHH THnoB 

noBepxHocTH npH COBM6CTHOH o6pa6oTKe MHoronacTOTHbix aaHHbix PCA 
SIR-C/X. npH BH3yajiH3ai(HH Hcnojib30Bajracb UBeTOBbie RGB KaHajibi, 
cooTBeTCTBeHHo,   fljw   aMiniHTymroro   CHHMKa   C   flHana30Ha,   pa3Hocra 
aMHJIHTya MeJKfly CHHMKaMH L H C flHana30HOB H MaTpHHM (pa30BOH 
KOrepeHTHOCTH MOKfly pa3HOBpeMeHHWMH CHHMKaMH 
HHTep^epoMeTpHHecKOH napbi C flnana30Ha. 

Ha pHcyHKe 7 npe/jcTaBjieHM pe3yjibTaTbi KJiaccHcpHKanHH 6e3 
oöyqemra c Hcnojib30BaHHeM MHoronacTOTHbix H pa3HOBpeMeHHbix ßaHHbix 
PCA SIR-C. EMJIH B3J9TH HeTbipe H3o6pa3ceHHH B L H C ^Hana30Hax, 
nojiyqeHHbie c HHTepBajioM B O#HH aem>, H oÖpaöoTaHW coBMecrao c 
Hejibto BbißejieHHH neTbipex KJiaccoB pacTHTejibHoro noKpoBa: jiec, Tpaßa, 
cejibCK0X03ÄHCTBeHHbie nojm H cMeuiaHHbie yqacTKH KycTapHHKa H TpaBbi. 
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The SAR data processing methods for the nature resources control systems 

I. V. Elizavetin, P.V.Shirikov 
NPO Mashinostroenia, ALMAZ Center, Reutov, Moscow region, Russia, 

143952, 
tel: (7) 095 528 7403, fax: (7) 095 302 2001, e-mail: npo mashstroy.msk.su 

Abstract 
This paper presents th discription of a software package for the 

processing of Earth remote sensing images, obtained from spaceboard or 
airborne radars with synthetic aperture antenna (SAR). The concept of 
software package, the main requirements, the list of provided processing 
tasks, packages structure and list of algorithms are considered. The short 
description of processing modules included into package is presented. 

In this paper the concept of software system for ground processing of 
the remote sensing radar data obtained from spaceboard and airborne SAR's 
(Radar Survey System - RSS) is considered. The purpose of the concept 
presentation is the definition of structure of the software package for SAR 
data processing and list of modules, included into it. The final requirement to 
data processing system is the maximum complete extraction of the 
information from the raw radar data and generation of the complete set of 
the new secondary information products. The RSS should operate with two 
kinds of the information. At first, the orientation to the data of remote 
sensing systems special intended for commercial use is stipulated, i.e. the 
snapshots of the Earth surface from these systems should be accessible to a 
big number of users, to be distributed without restrictions and to be 
accompanied by the standard data on surveillance. The RSS software 
supports data processing from SAR platforms SIR-C/X, ERS-1/2, JERS-1, 
Radarsat, ALMAZ-1. The second kind of the input information - data from 
noncommercial sources on which surveillance parameters are absent or they 
are incomplete. It can be the data from number of airborne SAR. The RSS 
package uses complex processing of multifrequency, multipolarizing, 
multitemporary, multipositional radar data. On an output of system the set of 
information product layers; is created. Each layer corresponds to results of 
classification of the ground objects on image under some properties 
(reflectivity, spatial features, movement features) or new information product 
(digital elevation models, matrix of the local surface slopes, cross images 
correlation matrix, etc.) 

There are number of SAR data processing concepts presented in 
literature sources: the interferometric [1], [2] and differential interferometric 
processing concepts [3], [4] the maps producing based on the interferometry 
features [5], [6], [7], topo maps producing [8]. The concept and it releaze 
are presented here should have deal with full range of SAR data products, not 
only with particular brunch of processing. The overall scheme of data flow is 
presented on the figure 1. It must process the data are placed into the 
"parametrical cube" as showed on the figure 2, including interferometry 
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(multiband and multibase), stereo processing and number of classification 
methods. 

The presented here concept of SAR data processing system is realized in 
NPO Mashinostroenia as software package which includes number of 
separate modules. The package is oriented on working with personal 
computers or workstations under operational systems Windows95, 
WindowsNT. The sizes of processed files are limited only to volume of disk 
space of the computer system. 

The structure of RSS includes the following elements (modules). 
1. Module of SAR signal processing (synttesis of images from raw radio 

hologramms). The general properties of the module are following: 
- an opportunity for the generation of the features of phase history 

function by the user; 
- use of adaptive processing algorithm; 
- an opportunity of fast processing procedure with degraded spatial 

resolution for image overall looking and choice of the site interested for user; 
- function of autofocusing or handle focusing by the operator use chosed 

bright point. 
2. The module for geocoding/orthorectification of SAR images. It 

includes the following basic operations: 
- geocoding of images from the SAR antenna system (slant or ground 

range projection) to the choisen cartographical projection; 
- images orthorectification use by reference standard digital maps or 

digital surface elevation models generateted from stereo or interferometric 
data processing; 

- geocoding and ortorectification of the digital elevation matrixes 
generated by stereo and interferometric processors; 

- images transformation from slant range projection to ground one (on 
the reference model of spheroid, ellipsoid or groung plane ); 

- adjusting of platform orbital parameters use ground control points 
taken from the SAR image (decision of a reverse task). 

- generation of layovers and shadows masks on the image. 
3. Module of generation of the digital relief maps. Here two famouse 

methods are realized: stereometric and interferometric as two separate 
processors. The interferometric processor requires the slant range projection 
image as input one and the stereo processor requires ground range projection 
image. The output of both processors is the geocoded and orthorectificated 
digital elevation matrix of surface as raster layer. Both processors includes 
option of input reference layer. It may be standard digital elevation map with 
bigger scale and low accuracy or result of stereo prcessing for interferometry 
procedure and contrary. For interferometric processing the multiband and 
multibase modes methods are realized. As additional products of 
interferometric processing the matrix of coherence is created which can be 
used for classification of surface coverage vegetation types and matrix of local 
surface slopes. In more detail the 3-D processor developed in NPO 
Mashinostroenia is considered in [9]. 
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Into interferometric processor the option of differential interferometry is 
included allowing to joint process a number of interferometric images for the 
surface small-scale shifts detection. 

4. Module for the surface objects classification. It is shared on two 
separate modules according to a type of objects. The objects are conditionally 
considered as point targets and spatially distributed objects. To point targets 
the bright elements on the image are concerned which occupy a little bit, up 
to ten, pixels. Usualy it is artificial objects. The objects of the images which 
have a natural origin (forest, water reservoirs, relief structure) or agricultural 
fields can be concerned to the spatially distributed (allocated) objects. 
According to this notation the module of classification includes the following 
sub-modules: 

- module for detection and classification of the point targets on a 
speckle-noise background with various statistical features (textures); 

- module for classification of coverage surface types by number of 
methods: with training and without one, using algorithms of neural networks; 

- lineaments analysis. 
5. Module of moving targets detection. It realizes the various methods 

using as one image and a pair of snapshots, received with some time interval 
or simultaneously on different frequencies. 

6. Module of images improvement. Realizes functions of speckle-noise 
suppression and standard operations of processing of the images (histogramm 
correction, edge detection, etc.) optimized for operating with radar data. 

7. Module of the image analysis. Number of the following operations of 
image analysis are realised into this module: 

- texture analysis on one-dimensional and two-demensional 
histogramms; 

- frequency analysis, correction of a spectrum and generation of new 
image with corrected spectrum. 

- regression analysis. 
8. Module for import and export of data. This module carries out 

operations of transformation of input data into an internal format of system, 
reading of the most widespread variants of CEOS formats, record CEOS data 
into file header or into a separate text file, export of the resulted raster layers 
from internal format to the most distributed formats of raster image 
processing packages and formats of geoinformation systems. Specific 
operation for the remote sensing SAR data is the transformation of power or 
amplitude values of the signal into values of surface backscattering. The 
import/export module includes specific algorithms of radar data compression 
concerning to both raw data and images. 

9. Module of three-dimensional representation of results of radar 
imaging. It has an opportunity of overlay of the radar or non-radar texture 
on the relief elevation matrix, accommodation of the objects patterns from a 
database generated under results of classification of the point target. The 
function of "flight above surface " is realized here . The necessity of inclusion 
into the system of the the module of three-dimensional data visualization is 
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caused by an opportunity of the additional contextual analysis by the operator 
of all set of the processed layers. 

10. Module of radar data modeling. The following kinds of the data are 
simulated: 

- raw data (radar hologramm); 
- slant range images and ground range images in magnitude and 

complex form; 
- surface interferogramm, flattened and non-flattened; 
- second image of stereopai user the first image. 
The images modeling is shared into two modules - geometrical modeling 

and radiometric modeling. In the block of geometrical modeling the spatial 
relations between elements of the image are calculated use orbital parameters 
of platform, surveillance conditions and digital height matrix. In the module 
of radiometric modeling the brightness of each element of the image is 
determined use their spatial definitions calculated into the geometrical 
module, level of a roughness and dielectrical properties of material according 
to the chosen model of radar backscattering. Some most widespread models 
are realized: geometrical optics, physical optics, integral equation and some 
simple models as cosin functions by factors one, 1,5, two, three. 

Figures below demonstrate the general scheme and results of multiband 
SAR data processing use RSS software. 

On the figure 3 the maginitude image of Moscow region site from SIR- 
C/X SAR in L band is shown. It one image of data set that contains L, S, C, 
X band images from Almaz-1, ERS-1, SIR-C/X SAR. platforms. 

The flattened interferogramm of Moscow region site in C band is shown 
on the figure 4. 

Figure 5 presents the digital elevation matrix of site generated by 
interferometric processor. 

The figure 6 shows the result of joint classification of ground surface 
coverage types use SIR-C/X SAR data set. For visualization in RGB 
channels the amplitude C band image, the amlidudes difference of L and C 
images, and phases coherence matrix of C band interferometric pair were 
used. 

On the figure 7 the result of unsupervised classification of multiband 
and multitemporal SIR-C SAR data is presented. The four images of L and 
C bands taken at two different days were processed jointly for extraction of 
four vegetation coverage classes: forest, grass, agricalture vegetation, and 
mixed bush and grass. 
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Pa3pa6oma reHieparopa nnaawibi Ha TriejoiqeM pasple 
Ann CHMTM55 aneKTpocTaTMHecKMX 3ap$iflÖB c MKA 

B. MBaHOB 
UHHUMatu 

141.070 r. Koponeß, MocKOBCKaa oönacTb 
yn. nwoHepcKa«, 4 

CDaKc: (095) 513 4393 

B UHHHMam OTpa6aTbiBaeiCR KOHCTpyKuw?) reHeparopa nna3Mbi B 
TneKDLueM paspaae MHepTHbix rasos nn« cuciOMbi HetiTpanwaauMM 
aneKipocTarwHecKnx sapaqoB na MKA. flpn STOM HcnonbsytOTCfl ero 
yHMKanbHbie iprnvmecKwe cBOMcrsa, a HMGHHO: BbicoKaa cTa6mibHocTb 
pa3p?ifia npn RaBneHMfi rasa OT 0.001 AO 100 Topp, HH3Kaa TGMnepaiypa 
nna3Mbi B paapane ~ 300...700°K M Manbiw yposeHb noTpeöneHwa 
sneKTposHeprnn paspyifla 1..20 BaTT/(ivir/c). 

lloBbiiueHHbiw aeptpeicr nna3MOo6pa30BaHn$ü vt CHATHS! 3ap«fla 
o6ecneHMBaiOTC5i CHQ^HOM cnpyicrypofi paspsiAa, B BMAG BHyipeHHero 
npeflH0HH3aT0pa, H OCHOBHOTO BHewnero, B KOTOPOM reHepnpyeicfl 
MOHnaa pa3pe>KeHna5i nna3wia,. 

Pa3pa6oTKa npOBOJWsacb nyreivi MHxehepHO-cjDMSimecKoro cwcreMHoro 
KOHCTpyHpOBaHMSi: 
• 3KcnepMMei-iTaribHO-(|:tn3HMecKi/!iV! tpopMnpoBanneM paspjiflHoro npoLiecca; 
• wHweHepHO-KOHCTpyKTopcKOM omviMvisanweiA ycrpoMCTBa reHepaiopa. 

TaKoPi OACJBMHhw no^xofl ri03Bonnn cymecTBeHHO coKparnib cpOKM 
M 3aipaTbi na paapaöoTKy KOHCTPYKMHM, OTBeMatoiuen ipGooBaHHHM K 
MKA no MUHwaTfopHsauiMH. 

B cTGHflOBbix wcnbiTaHnax» naÖopaiopHbiw o6pa3eq reHepaTopa 
noKasan ycTOWMweocTb paöoTbi s pa3.ni/iHHbix pexHMax ripn ncnonb30BaHHn 
flOCTaroHHO TexHonorwHHoro ra3a AproH. 3TO no3Bonnno onpeflenuTb 
peanbHbiM o6nnK anTMCTaTWMecKOM sawiHTbi MKA c HOBHIVI TWIOM 
TnetoLuero pa3pafla B reHeparope nnasMbi. OUGHKM noKa3ann, HTO npn 
Tpe6yeMOM AHA MKA HGMTpanw3auwoHHOM acfKjDeicre, OH no cpaBHeHwo 
HanpuMep, c HewTpanw3aTopoM na OCHOBG CHfl co3AaeT onpefleneHHbie 
npenMymec^aa, B HacTHOCTn: 
• noBbiuieHne nnoiHOCTM TOKa Hei/iTparw3annvi ~ AO 10 pa3; 
• CHM)KeHMe    sHepronoTpeönGHMH    -■-    B    3    pasa,     npn    TGXHHHGCKMX 

xapaKTepMCTMKax: 
• Hanpj»K6HH6 ncTOHHH«a nmaHMsi U < 600 BoribT; 
• noTpeönaeMafl MOiiiHOCTb P 5^-20 Barr; 
• pacxofl pa6o4ero rasa q 0.1-MD.5 Mr/ceK.; 
• Macca/raöapuTbi M/(LxD)        50/(20x10)I7(MMXMM). 

flpHGMneMbie BenwHMHbi MaccoraöapuTHbix xapaicrepHCTHK cwcTGMbi 
aHTMCTaTMnecKOM 3aLUMTbi MKA Moryr 6biib AOCTwrHyTbi 3a cnei 
onTMMM3aunM cHCTGMb! nofiaHM paöo^ero TGna H Bbi6opa ero 
KOMnpoMi/iccHoro cocTHBa MCxoßHbix KOMnoHeHT, - XMAKOC™ M ra3a. 
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Development of the generator of plasma on smouldering discharge 
for removal of electrostatic charges with small spacecraft 

A. Ivanov 
CNHMash 

141.07Q. The queens, Moscow area 
Street. Pioneer, 4 

The fax: (095) 513 4393 

In CNHMash the design of the generator of plasma in smouldering 
discharge of inert gases for a system of neutralizing of electrostatic charges on 
small spacecraft (SSC) is completed. Thus the unique physical properties, namely 
are used it: high stability of discharge at pressure of gas from 0.001 up to 100 Torr, 
low temperature of plasma in discharge -300... 700°K and small consumption 
level of the electric power of category 1.. 20 Watt / (mg/c). 

Increased effect, of plasma formation and the removals of a charge are 
provided with a compound structure of discharge, as internal fore-discharge, and 
main external, in which the ionic rarefied plasma is generated. 

The development was conducted by ingenering end physical system 
designing: 

•Experimental - physical by formation of digit process; 
•By ingenering designer optimization of the device of the generator. 

Such system approach has allowed essentially to reduce terms and costs 
to development of a design adequate to SSC on a miniaturization. 

In bench tests, the faboratony sample of the generator has shown stability 
of activity in various modes at use enough technolodgi of gas Argon. It has allowed 
to define actual appearance of antistatic protection SSC with a new type of 
decaying discharge in the generator of plasma. The evaluations have shown, that 
at required for SSC neutralizations effect, he on a comparison for example, with 
neutralizing agent because of CI1A creates certain advantages, in particular: 

•Increase of a current density of neutralizing -up to 10 times; 
•Drop 3HepronoTpe6neHi/ifl -in 3 times, at characteristics: 
•Voltage,stress of the power source U <600 volts; 
•Power consumption P 5 -H20 watt; 
•The consumption of working gas Q 0.1-^0.5 mg/c; 
•Weight / overall dimensions M / (L (D)   50 / (20 (10) g / (mm xmm). 

The acceptable sizes Maccora6apnTHbix of the characteristics of a system of 
antistatic protection MKA can be reached at the expense of optimization of the 
supply system of a working skew field and selection of its compromise structure an 
initial component, - fluid and gas. 
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MHHHATI0PM3AUH« BOPTOBblX H HA3EMHHX AHTEHHblX 
CHCTEM HA OCHOBE ^OCTKDKEHHM B OBJTACTH 

TEXHOJIOrHM C03AAHHH nJTAHAPHblX M 
CErHETOKEPAMHHECKHX AHTEHH 

YTKHH B.<D., JTyKBHiueHKO B.H., PaHKynoB T.Y., 
A.B.BOJIKOB, JlyKMineHKo A.B., IIlHjraeB C.K)., B.n.CaJiTbiKOB 

IJeHTpaJIbHMM HayHHO-HCCJieAOBaTejIbCKHH HHCTHTyT MaiHHHOCTpOeHHfl 

B craTbe npe^naraeTca peiueHHe npoÖJieMbi co3,n,aHHfl öopTOBbix 
MajioraöapMTHbix aHTeHHbix CHCTCM nepcneKTHBHbix Majibix KOCMHHCCKHX 

annapaTOB   Ha   6a3e   pa3BHTH5i   TexHOJiornji H3roTOBJieHHH   njiaHapHbix 
aHTeHH. ^eMOHCTpHpyeTCJI B03MO)KHOCTb HCnOJIb30BaHHH njiaHapHOH 
TeXHOJIOrMH        npH        C03,n,aHHH        Ha3eMHbIX        CBH3HbIX        TepMHHaJIOB. 
nojca3biBaeTC5i,    HTO    iuiaHapHbie    aHTeHHbie    CHCTCMM    no3BOJiHK)T 
MHHHMH3MpOBaTb   pa3MepbI   H   MECCy   aHTeHHOH   CHCTeMbI   B   ^Hana30He 
2.5ITu, H Bbiiue. FIpHBOflJiTCH BapnaHTbi TexHHHecKHX peuieHHH npH 
co3ÄaHHH njiaHapHbix aHTeHHbix CHCTCM, a Taoce TexHHHecKHe 
xapaKTepHCTHKH H3roTOBJieHHbix jia6opaTopHbix o6pa3i;oB fljiH npneMa 
cnyrHHKOBoro H 6ecKa6ejibHoro TejieBHijeHHfl. 

ßjin. MHHHaTiopH3aijHH aHTeHHbix CHCTeM MeTpoBoro H 
flenHMeTpoBoro ,n;Hana30Ha npe£jiaraeTC5i Hcnojib30BaHHe TexHOJioran 
co3ÄaHHH cerHeTOKepaMHHecKHX aHTeHH. rioKa3biBaeTC5i, HTO 

cereHTOKepaMHHecKHe aHTeHHbie CHCTeMbI Moryr 6biTb Hcnojib30BaHbi B 

KaHeCTBe MHHHaTK)pHbIX npHeMHWX ÖOpTOBblX H Ha3CMHbIX aHTeHH. 
3(p(peKTHBH0CTb ceraeTOKepaMHqecKHX aHTeHH fleMOHcrpHpyeTCH 

Ha npHMepe HX Hcnojib30BaHHH B cocTaBe MeTeopojionraecKOH ManoH 
CTaHHHH npneMa KOCMHTCCKOH HHCpopMauHH c KocMHHecKHx annapaTOB 
cepnn MeTeop H NOAA. 

B. YTKHH 



MINIATURIZATION OF ONBOARD AND GROUND ANTENNA 
SYSTEMS, USING THE NEW TECHNOLOGIES IN THE FIELD OF 

CREATION PLANAR AND FERROELECTRICAL ANTENNAS 

V.F. Utkin, V.l. Loukjaschenko, G.G. Raikunov, 
A.V. Volkov, A.V. Loukjaschenko, V.P. Saltykov 

Central Scentific-Research Institute for Machine Building, 
141070, Pionerskaya 4, Korolev, Moscow Region, Russian Federation 

At present, the group of russian scientists is developing a number of 
technologies aimed at the antennas miniaturization. Ferroelectric and planar 
antenna technologies are among the said ones. The ferroelectric antenna 
technology provides minimization of an antenna system, operating in 
10.0 MHz...1.0 GHz band, and the planar antenna technology provides the 
minimum volume of the antenna, operating in 2.5 GHz-frequency band and 
higher. 

Thus, the application of new technologies will provide minimization of 
antenna sizes really in the whole range of operational frequencies used for 
transmission and receiving of the Earth remote sensing data, satellite TV 
broadcasting and communications. 

The telecommunication systems must be able to provide large and high-rate 
data flows. 

There are different ways to meet the said requirement: on the one hand, one 
can increase the power of a transmitter, on the other hand, one can increase 
the sizes of an antenna system or use an un-common technology. 

The knowledge and experience, gained in the technology of planar phased 
arrays, allow to create small-sized antennas systems including antennas with 
electronically-scanned beam. 

At present, there is a planar array (France) that is a superposition of a pair of 
elements with a printed-circuit antenna feed. The antenna array structure has 
a modular design. Each module consists of a central dielectric plate with 
microstrips and two metal plates, located above and below the central one. 
Both of the latter two have coaxial apertures (radiators), equally spaced on 
the surfaces of the plates and in that way forming an array of 16 (4x4) 
elements. An inefficient use of the array aperture is a disadvantage of the 
design. It is caused by the shape of radiators and results in reduction of the 
gain. 

There is another close engineering solution of a planar microwave array 
(Europe). That array consists of two conductive plates. In the one of the 
plates there are through round holes to form outward-directed horns. In the 
second plate, there are cavity resonators whose inputs are directed toward the 
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horns and overlap the through holes in the bottom the horns. Between the 
plates there is a substrate with a metal strip of a symmetrical feedline, 
containing microstrip feed elements of radiators. The array includes a 
waveguide adder in its structure. The described engineering solution has some 
disadvantages, as follows: 
• radiators impossible to be located closer to each other owing to their 
circular shape, so an effective usage of the whole antenna aperture is 
impossible; 
• only one common waveguide input results in significant losses of power in 
high-resistance microstrip transmission lines and large arrays; it also 
complicates a transmission line technology; 
•complicated manufacturing of a radiating aperture results in a high total cost 
of an array. 

Planar antenna systems 

Below, an planar antenna system developed by the group of russian scientists 
is described. That engineering solution provides: 
• increase of the antenna aperture efficiency; 
•improvement of matching in an operation frequency band to reduce losses 
of power in high-resistance transmission lines; 
• reduction of the total cost due to simple manufacturing of printed 
radiators. 

In essence, this antenna system is a planar microwave array which contains 
two printed dielectric plates, on the one of them there are radiators, on the 
other one there are vibrators, a microstrip feed, and also a waveguide adder. 
The dielectric plates with radiators and vibrators are separated with a 
dielectric layer from each other. The antenna array is made of identical 
subarrays, each of them has at least one output on a strip-line waveguide 
adapter. The waveguide inputs interconnection is realized via waveguide 
adders-dividers, placed from the outer side of the plate with vibrators. That 
side is covered with a metal layer (plated). Figure 1 shows the layout of the 
described antenna system. 

Today, three test samples of the antenna have been developed and 
manufactured to provide reception of satellite TV programs and one - to 
receive the cellular TV broadcast signals. The system appearance is shown in 
fig. 2. Figures 3 and 4 show standing-wave ratio and antenna gain vs. 
Frequency, respectively. Figures 5 and 6 show the antenna power patterns for 
both satellite and cellular TV broadcasting, respectively. The characteristics 
samples of satellite antenna systems and cellular TV broadcasting are shown 
in table 1. 

The analysis of experimental results has shown that the submitted antenna 
system technology provides the operational band from 5 to 10 % of an 
operational frequency and the antenna aperture efficiency not less than 50 %. 

V.F. Utkin, V.l. Loukjaschenko, G.G. Raikunov, 
A.V. Volkov, A.V. Loukjaschenko, V.P. Saltykov' 



After some experimental adaptation of the technology the operational band 
can be achieved up to 15...20 % of the operational frequency. The antenna 
can be easily transposed in other operational frequency bands. 

1 - element of a rotary support; 2, 3 - doorknob transformer; 4 - coaxial 
cable; 5 - waveguide; 6 - wave converter; 7 - the array basis; 8, 10 - 
dielectric circuit printed plates; 9 - dielectric separating plate. 

Fig.l 
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Table 1 
Characteristics Satellite antenna 

systems 
TV broadcasting antenna 

systems 
Frequency, GHz 11,7...13,0 12,75...13,25 
Gain, dB > 30 > 26,4 
VSWR < 1,5 < 1,45 
Polarization left-hand left-hand 
HPBW, deg. 5 7 
Sizes, mm #1 - 350x350x15 

#3 - 330x330x15 
#2 - 175x175x15 
#4 - 175x175x15 

Weight, kg 2,5 IWßrtR   HR                    IjO 

20       16        12 12    16      e.dc8. 
-15 .10 -5 0 5 10 15 6? 

Fig.5 Fig. 6 
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Ferroelectric antenna systems 

Samples of small-sized antenna with application of an advanced 
ferroelectrical antenna technology have been developed and manufactured 
by the group of-russian scientists. The ferroelectrical material applications in 
the antenna technology allows to reduce the sizes and weight of an antenna 
in -10 times, in comparison with conventional antennas. It will provide more 
simple engineering solutions. The ferroelectrical technology implementation 
resulted in possibility of small elements creation for the phased small-sized 
antenna arrays. 

The receiving TV aerial antenna is an example of a small-sized ferroelectrical 
antenna. Such type of ferroelectrical antenna can be made both in passive, 
and active configurations. The design of a passive antenna system is shown in 
fig. 7. 

1 - ferroelectric, 2 - radiotransparent cover, 
3 - radiotransparent body, 4 - antenna support, 5 - spherical support, 
6 - dielectric spacer, 7 - metal screen, 8 - metal rod. 

Fig. 7. 

The performances of passive ferroelectrical antenna system are shown in table 
2. 

Table 2. Performances of a passive television antenna 
Frequency, MHz 50...600 
Gain, dB -5...-2 
VSWR 2.5...5 
Polarization Linear 
Working temperature range, °C - 30°C...+30° 
Pattern Omni-directional 
Dimensions, mm H=45, D=56 
Weght, kg <0.2 
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In a combination to the amplifier the antenna from passive becomes active, 
that allows to receive gain in frequency band 50...80 MHz «20 dB and in 
range 100...600 MHz «15 dB at a pie chart of a directivity. 
In active version the ferroelectrical antenna at diameter of 100 mm and width 
of 5mm allows to receive telemetry from meteorological satellite (NOAA, 
METEOR) on frequency 137 MHz. Thus on the screen of mobile ground 
meteorological station are looked through «1000 lines. 

It is possible to mark, that the standard antenna of ground meteorological 
station has the next sizes: H 1500x0500 mm and allows to receive «1200 
lines. 

Preliminary measurements SWRV of ferroelectrical antennas for frequencies 
radio telephone (140...170 MHz) and cellular radio (0,4...1,8 GHz) have 
given values from 1,5 up to 3. The SWRV has a tendency to reduction with 
increase of frequency. The gain of such antennas is -5...-2 dB. 
Variants of realization of a receiving active television antenna are shown 
below. 

D48 

/ 

'220 B 

1 - ferroelectric, 
2 - radiotransparent 

cover, 
3 - radiotransparent 

body, 
4 - antenna support, 
5 - spherical 
support, 
6 - dielectric spacer, 
7 - metal screen, 
8 - metal rod, 
9 - coaxial TV 
cable, 
10- power      supply 

unit, 
11 - TV connector, 
12- amplifier. 

Fig. 8 
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A-A 

1. Radiotransparent tank. 5. The television plug. 
2. Telecommunication cable.       6.Ferroelectric. 
3. Amplifiers 7. A metal rod. 
4. Power supply unit of antenna amplifiers. 

Fig. 9. 

The antenna structurally can be realized both under the scheme, shown 
in fig. 8 and 9. 

The antenna is intended for a reception of a broadcast television and is 
maintained in room conditions and in conditions of country house. 
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Table 3. Performances of an active television antenna 
Frequency, MHz  
Gain, dB  
VSWR 
Polarization 
Pattern 
Distance  of a reception from transmitting 
TV-centre, km 
Working temperature range, °C 
Sizes of a receiving part, mm 
Operation voltage of a power supply unit, V 
Weght, kg  

50...600 
15...20 
2.5...5 
Linear 

Omni-directional  

up to 100 
- 30°C...+30° 

0 60 mm, h « 15 mm 
220 
<0.3 

The following ferroelectric application is the creation of the phased lattice 
with application of a microstrip process engineering for a reception of a 
satellite television on frequencies 11,7 - 12,1 GHz. The element as a 
sublattice of the phased lattice is shown on fig. 8. 
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The laboratory tests of such sublattice by determination of a standing wave 
ratio by voltage (SWRV) are shown in the table. In the table the experimental 
values of SWRV are shown depending on frequency. 
  Table 4. 

f, GHz 
SWRV 

10,7 
2,17 

10,84 11 
1,57 

11,03 
1,67 

11,26 
3,67 

11,56 
2,34 

11,8 
2,57 

12,1 
2,66 

12,26 
1,9 

12,38 
1,57 

12,5 
1,74 

Nowadays assembly of the phased antenna for realization of experiments on a 
reception of the information from a satellite is carried out. A prospective gain 
«30 AB, weight of the antenna together with the converter will make less than 
0,5 kgs at the area 140x110 sq. mm. 
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nEPCnEKTHBH C03#AHIM MAJIblX IIPHEMHMX 
CTAHIJHH KOCMHHECKOH HH<DOPMAIJHH 

BOJIKOB A.B., A<|)aHaci>eB C.B., KpyTtix C.A. 
LJeHTpajIbHblH HayHHO-HCCJieAOBaTCJIBCKHH HHCTHTyT MaUIHHOCTpoeHHH PKA, 

ÜHOHepcKaa 4, KopojieB, MocKOBCKaa oÖJiacTb, 141070, PoccHHCKan ^e^epaiiHH 

BeaeHHe 

CeroflHa, Korua Ha6jito,n;aeTca cxpeMHTejibHoe pa3BHXHe THC TexHOJiorHH, Bee 
6ojiee B03pacTaioirj;ee 3HaneHHe npnoöpeTaeT onepaTHBHoe nonyneHHe 
reoaKOJiorHHecKOH npocTpancTBeHHOH HH<f)opMau;HH. EOJIBHIOH o6beM Taicon 
HH(J)opMaqHH cero^HH npeflocTaBJiaeTca KOCMHHecKHMH CHCTeiviaMH. B nonyneHHH 
OnepaTHBHOH    HH(})OpMai];HH    H3    KOCMOCa    B    POCCHH    3aHHTepeCOBaHM    pa3JIHHHbie 
noTpeGnxejiH: a/jMHHHCTpanHH pecnyönHK, KpaeB, o6jiacTefi H ropoßOB; 
PocrnflpoMeT; arponpoMbinuieHHHH KOMnjieKC POCCHH; pa3JiHHHbie OTpacnH 
npoMtiuiJieHHOCTH; He4>Te-ra30BaH oxpacjit; MopennaBaTejiH; nyTeniecTBeHHHKH; 
HayHHbie 3KcneflHi^HH H .apyrne 3aHHTepecoBaHHbie JiHija. Hanöonee nojiHoe 
yaoBjieTBopeHHfl Hyxc/j BbiiuenepeHHCJieHHbix noipeÖHTejieft BO3MO>KHO npn 
Hcnojib30BaHHH Manfeix npneMHbix cTamjHH KOCMHHCCKOH HH<j)opMaHHH (MI1CKH), 
BKJIIOHaH MoGnntHbie. 

Ha3HaneHHe tviajibix npneiviHbix craHUHH KOCMHHCCKOH HH&opivianHH 

MIICKH npe/i;Ha3HaHeHa #jia npneMa HH^opMauHH, noJiynaeMoft 
KOCMHHecKHMH cpcncTBaMH AHCTaHiiHOHHoro 30H/iHpoBaHHa 3CMJIH, a TaKace 
TeMaTHHecKOH o6paooTKH H onepaTHBHoro pacnpocTpaHCHHH 3TOH HH^opMamin 
mnpoKOMy Kpyry noxpeOHxejieii. 

MTICKH no3BOJMioT nojiyqaTb cncayiomHe ÄaHHbie': 

• H306pa>KeHHJI 3CMHOH EOBepXHOCTH, OKeaHOB H OÖJiaKOB B yo, BHßHMOM, HK H 
CBH flHana30Hax; 

• HH^OpMaiJHK) O COCTOKHHH aTM0C<j)epbi; 
• MeTeopojiorHHecKHe napaMCTpw, nepe^aBaeMbie B Ka^pe TejieMeTpHH, TeMnepaTypa, 

ÄaBJieHHe, cKopocrb BeTpa H ap.; 
• BpeMejraas H reorpa<|)HHecKaa npHBa3Ka. 

rionyneHHaa MIICKH HH<J)opMaii;Ha nocjie TeMaTHHecKoft o6pa6oTKH MOSCCT 

6biTb Hcnonb30BaHa fljia: 
• ou;eHKH 3KonorHHecKoro COCTOHHH» peraoHa; 
• npoBe^eHHe reojioropa3Be^OHHbix pa6oT; 
• KOHTpOJM HCTOHHHKOB 3arpfl3HeHHH; 
• oÖHapyaceHHa, OUCHKH MacniTaSoB H KOHTpona 3a pa3BHTHeM COöHTHH B 30Hax 

KaTacTpo4>, KpyriHbix jiecHbix H CTenHbix noacapOB. KpynHOMacmTa6Hbix 
3arpa3HeHHH noßepxHOCTH Mopa H cymn; 

• KOHTpojia 3a nepeMemeHneM rpaHHu. nycTHHb H 30H 3acyx; 
• BbweneHHa aTMOcc^epHbix (|)POHTOB; 

• cueaceHHa 3a oOJiaHHOCTbro; 
• BbiHHCJieHHa TeMnepaTypbi noßepxHOCTH cyuin H Mopa; 
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• onpeÄejieHHK COCTOüHHH ceJibCK0X03flHCTBeHHbix yroßHÖ; 
• KOHTpOJia  COCTOKHHfl,  KJiaCCH(J)HKai],HH  H  OIjeHKH  npOflyKTHBHOCTH  paCTHTeJIbHblX 

noKpoBOB; 
• cocTaBJieHHH 3eMejibH&rx Ka^acTpoB; 

• BbiHHCJieHHfl BepTHKajibHbix npotJnuieH TeMnepaTypbi H BjiancHocTH; 
• BbIHHCJieHHH HHTerpailbHOH XapaKTepHCTHKH BJia>KHOCTH; 
• nporH03a noro/rbi. 

AHajiH3 cymecTBviomHx MIICKH 

CymecTByioiHHe Maxtbie npneMHbie craHHHH KOCMHHCCKOH HH<|)opMaHHH 
oöecneHHBaioT npHCM c reocTaHHOHapHbix cnyTHHKOB rnna Meteosat, GOES, 
3jieKTpo; c nojiapHoopÖHTajibHbix cnyTHHKOB rana MeTeop, NOAA; a Tax >Ke co 
cnyTHHKOB THna «Pecypc», Landsat, SPOT. 

npneMHbie CTamiHH THna WeatherFront (GEODYNAMICS CORPORATION) 
HJiH SMART Station (GEODYNAMICS CORPORATION) COCTOHT H3 

napa6ojiHHecKOH aHxeHHbi c KOHBepTepoM, npneMHHKa H /jeKOAepa, ycTpoftcTBa 
HaBefleHHa aHTeHHbi H BHIIOJIHHIOTCJI B BH^e He3aBHCHMoro ycrpoficTBa, JIH6O B BH^e 
njiaT conpa^eHHH c nepconanbHbiMH KOMnwoTepaMH. HanpHMep npneMHas CTaHnna 
WeatherFront npeacTaBjraeT H3 ce6a H63aBHCHMoe ycTponcxBO Ha 6a3e npoueccopa 
i486DX, HMeeT HHTep^eiicbi AJIJI noßKjnoHeHHH yerpoHCTB GPS H MeTeocTaHHirä. B 
KanecTBe ycTpoHCTBa oöpaöoTKH npHHHMaeMoft HH^opMannn Hcnojib3yeTca paöonaa 
cTaHHHH Sun SPARK, KOTopaa coeAHHaeTca c npneMHoM CTaHnnen nocpeacTBOM cera 
Ethernet. 

CTaHHHJi SMART Station BbinycKaeTca B HecKOJibKHX HcnojraeHHKx (jvropcicoro 
H cyxonyTHoro 6a3HpoBaHHH)3, oöecnenHBaeT npneM CHraanoB co cnyTHHKOB B 

4>opMaTax HRPT, GOES, GMS, Meteosat. ripHeMHbie cTannnn HMCIOT aHanoroBbift 
Bbixo^ H HH(J»poBOH Bbixofl RS-422, KpoMe Toro HMeioT HHTep(|)eHCHyio nnaiy 
BbinonHeHHyio B KOHCTpyKTHBe ISA, EISA HJIH PCI UIKHH. B KanecTBe ycTpoHCTBa 
o6pa6oTKH nojiynaeMOH HH^opMauHH Hcnojib3yiOTcs[ BbiHHcnHTejibHbie ManiHHbi Ha 
njiaT(J)opMax Windows NT, SUN Microsystems, Silicon Graphics H DEC Alfa (DEC 
OSF/1 (UNIX)). 

riporpaMMHoe o6ecneneHHe HanncaHo B BH^e Moayjiefi wn ERDAS Imagine- 
SMARTrack, HRPT Module, MET Module. 

PoccHHCKHe npneMHbie crannKH JlnaHa (HTLI, CKaHDKc), MEMOSAT, 
CIOKET-M oöecneHHBaioT npneM cnrHajioB co cnyTHHKOB NOAA, MeTeop, ÜKeaH B 

4>opMaTe APT (137Mrii). OHH BbinojiHeHbi JIHöO B BH^e HHTep^eftcHOH njiaTbi ISA 
AJia PC coBMecTHMoro KOMnbioTepa, JIHöO B BHjje BHeniHero 6noKa c HHTeptJjeftcoM 
RS-232. riporpaMMHoe oöecneneHHe nm Windows o6ecnenHBaeT pacqeT ceaHcoB 
npneMa, OTOöpa^eHHe npHHflTofi HH4>opManHH, reorpa^HHecKyio H 

KapTorpa4)HHecKyio npHB33Ky, aKcnopT rpa<J)HHecKHX (JjaftjioB2'4. 
PoccHHCKHe npneMHbie CTaHUHH «JlnaHa-M» H «CeneHa» (HTU, CKaHSKc) 

npeaHa3HaneH «jia .zteMOflyjiauHH, aHajioro-mr^poBoro npeo6pa30BaHHH H BBO^a B 

FI3BM flaHHbix, nociynaiomHX c MeTeopojiorHHecKHX cnyTHHKOB THna Meteosat, 
GMS, Goes H «3jieKTpo» Ha nacTOTe 1.7 rrn. riporpaMMHoe o6ecneneHHe, Bxoßamee 
B KOMnjieKT nocTaBKH KOMnjieKca, BbinojiHeHO B cpe^e MS Windows 3.1 H 

oöecneHHBaeT   npneM   H3o6pa>KeHHH   co   cnyraHKa   no   3aflaHHOMy   pacnncaHHio, 
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OTo6paaceHHe nponecca npneMa Ha ^ncnnee KOMnbioTepa B peacnMe peanbHoro 
BpeMeHH, aHHMaijHEO nocjie^OBaTejiLHO npnHaTbix H3o6paaceHHH, paöoTy c 
<J)parMeHTaMH H3o6pa»ceHHH, 3Kcnopx (|>aH.JiOB H3o6pa)KeHHa B 4>°PMaTe BMP H 

nojiyneHHe TBep/ibix Konnfi H3o6paaceHHH. 
PoccHHCKHe npneMHbie craHnna CKaH3KC (WTl\ CKaH3Kc) 2' 4, CioaceT-MU, 

npe/iHa3HaHeHfci ,zuia npneMa, aeMO^yjiaicHH, 3anncH Ha acecTKnft .ZJHCK KOMnbioTepa H 

nepBHHHOH o6pa6oTKH aaHHbix B (JjopMaTe HRPT c HC3 cepnn NOAA B flHana30He 
1670-1710 MTn. 

B cocTaB KOMnjieKca CicaH3KC BXO/UIT aHTeHHaa CHCTeMa, ycTpoficTBO 
conpJDKCHHa aHTeHHOÄ CHCTeMbi c II3BM H nporpaMMHoe oöecnenenne. AffreHHaa 
CHCTeMa COCTOHT H3 napa6ojiHHecKoro 3epKajia c noBopoTHbiM ycrponcTBOM, 
MajiornyMamero ycHTHTeaa c npeoGpaaoBarejieM nacTOTbi. YcTponcTBO conpa)KeHHa 
COCTOHT H3 ycHJiHTena H «jmoBoro aeTeicropa npHHHMaeMbix cnrHanoB, 
npeo6pa30BaTe.ua CHraajiOB B napanjiejibHbiH nn^pOBon KOA, aHanoro-nn^poBbix H 

HHcjypo-aHanoroBbix npeo6pa30BaTejieii KOHTponbHbix CHrHanoB H cnraajiOB 
ynpaBJieHHa KOMnneKCOM, aHTeHHbrx ycnjiHTejien H HMHTaTopa CHraajiOB. YCTPOHCTBO 

conpaaceHHa KOHCTpyKTHBFio BbinojraeHHe B BH^e HacTOJibHoro 6aoKa c nHTaHHeM OT 

o^Ho4)a3HOH ceTH 220 B, 50 Tu, H njiaTbi pacmnpeHHa HIHHM ISA ana IBM 
coBMecTHMbrx UK. riporpaMMHaa nacrb BbinojiHena B cpe^e MS Windows 3.1 H 

COCTOHT H3 ppyx OCHOBHHX npHjioHceHHH: nporpaMMbi ynpaBJieHHa npneMOM AaHHbix 
(Scan Receiver) H nporpaMMbi npocMOTpa H nepBHHHoft o6pa6oTKH ^aHHbix (Scan 
Viewer). EfpHJioaceHHe ynpaBJieHHa npneMOM (Scan Receiver) BbinojmaeT pacneT 
pacnncanna npoxoac^eHHa cnyTHHKOB nepe3 30Hy BHäHMOCTH npneMHon craHHHH B 

3a^aHHOM HHTepBajie BpeMeHH, HHAHKannio cocToaHHa aHTeHHbi H noTOKa ÄaHHbix B 

nponecce npneMa. IlpHJioKeHHe npocMOTpa H nepBHHHOH oöpaöoTKH (Scan Viewer) 
oöecneHHBaeT aHHOTHpoBaHHe H3o6paaceHHH, npocMOTp H3o6pa>KeHHH c 
B03M0HCH0CTbio Bbiöopa KaHajia H 4)parMeHTa, MacuiTa6HpoBaHHe H3o6paaceHHfi, 
reorpa4)HHecKyio H KapTorpacJjHHecKyro npHBa3Ky no op6HTanbHbiM saeMeHTaM, 
nceBAonBeTHoe OTo6paaceHHe c npoH3BOJTbHbiM <|)opMHpoBaHHeM najinrpbi, pacneT 
racTorpaMM H noajieMeHTnaa 4)OTOMeTpna, KoppeKHHa TOHHOTO BpeMeHH npneMa H 

opneHTanHH cnyTHHKa no onopHbiM TonicaM B H3o6pa>KeHHH, coxpaHeHne BbiöpaHHbix 
4>parMeHTOB B HCXO^HOM <J)opMaTe H aiccnopT HX B CTaH^aprabie ^opMaTbi, nojiyneHHe 
TBep^bix Konnä H3o6paaceHHH. 

PoccnncKaa npneMHaa craHnna CK3H3P (HTLJ CK3H3KC) npe.ziHa3Ha.HeHa pm npneMa 
n nepBHHHOH o6pa6oTKH cnyraHKOBOH HHfJjopMannn c KA «Pecypc-Ol-3» B .unanajOHe 8 ITn. 
ripneMHaa CTaHHHa COCTOHT H3 aHreHHon CHCTCMBI, ÖJioKa conpaaceHna ameHHOH CHCTCMH c 
KOMnbiOTepoM n nporpaMMHoe oöecneHeHne flna npneMa (Resurs Receiver) H nepBHHHOH 
o6pa6oTKH (Scan Viewer) nojiynaeMOH HH^opMannn. AHTCHHaa CHCTeMa COCTOHT H3 
napaöoaEraecKOH aHTeHHbi c noBoponibiM ycrpoHCTBOM, ManouiyMauiHM ycHUHTejieM H 

npeo6pa30BarejieM nacTOTbi. YcrponcTBO conpaneHHa BKjnonaeT ycHjnrrejib H c[)a30Bbm 
aereicrop npHHHMaeMbix cnraanoB, npeo6pa30Barejib npHHHMaeMoro cnniajia B napajinejibHbiH 
HH<t>poBOH Koa, aHajioro-nn(J)poBbie H nn(|)po-aHajioroBbie npeo6pa30BaTenH KOHTpojibHbix 
CHmajiOB H CHraajiOB ynpaBJieHHa KOMnneKCOM, HMHTarop cnraanoB. YcTponcTBO conpaacemia 
KOHCTpyKTHBHO BbinojiHeHO B Bime HacTOJibHoro 6noKa c nnraHHeM OT o,ziHO<f>a3HOH ce-ra 220 
B, 50 Tu, H njiaibi pacmnpeHHa ISA IBM PC. OyHKHHOHanbHbiM aHajioroM craHiiHH CicaH3p 
aBJiaerca CTaHuna MMIM (PHHH KIT). 
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PoccHHcicaa npneMHaa cTaHmw YHHCicaH 1.11 (MTU, CKaiÖKc) - HOBMH 

BapnaHT CTaHUHH, o6be;nfflaiomeH B ceöe BO3MO>KHOCTH ,aByx CHCTCM: CKaH3P - 
CTüHUHH npHeMa HHcJjopMamra c KA Pecypc-Ol  H CKaH3Kc - cTaHnnn npneMa 
HHtpOpMaHHH CO CnyTHHKOB cepHH NOAA. 

npneMH&ie CTaHnnn CHCTCM ERS, GMS, IRS, INSAT, LANDSAT, SPOT 
npeacTaBJwiOT coöoft ßocTaroHHo cJioMbie H 6ojibniHe npneMHbie KOMnneiccbi, 
KOTopbie aBjiaacb MaribiMH, He aBJiaioTca nepcoHajibHbiMH npneMHbiMH cTaHnnaMH. 

PacnpocTpaHCHHe aamibix B STHX CHCTeMax npoH3Bo#HTca neHTpajnooBaHHO. 
Ilo3TOMy npHeMHbie cTaHHHH 3THX CHCTCM BKJHOHCHH B e^HHyio CHCTeMy cöopa, 
o6pa6oTKH H apxHBHpoBaHHH aaHHtix, npeflCTaBJiaiOT CO6OH cnenHajiH3HpoBaHHbie 
npHeMHbie nyHKTM, H B ßaHHoft CTaTte He paccMaTproaioTca. 

npHHunnbi noCTpoeHHH nepcneKTHBHbix Majibix npHeMHMx 
CTaHUHH K0CMH4eCK0H HH(j)OPMaUHH 

ripoBe,aeHHbffl Bfcmie aHarac COCTQHHHH pa3pa6oTOK B oßjiacra co3Äamia MTICKH, 
onbna HX SKcnjryaTauHH, a TaraKe nepcneKTHBbi ccB^aHna HOBHX KOCMHHCCKHX cpe/tcTB H 

noÄCHCTeM ÄHCTaHHHOHHoro 30Hm-ipoBaHHfl 3eMJiH npcEpojiaraior cooTBercTBHe 
pa3pa6an>iBaeMBDc MTICKH cjie^yromaM OCHOBHMM npHHHHnaM: 

• MajioraöapHTHOcTi. H MoömibHOcxb - MTTCKH BbmojiHaeTca B MO6HJIBHOM BapnaHTe 
(nepeHocHaa, nepeB03HMaa) H o6ecneHHBaeT oneparaBHoe 4>yHKiiHOHHpoBaHHe B JHO6OH 

TOHKe 3eMHoro uiapa, HTO npeanojiaraeT Hcnojib30BaHHe rjio6aabHbix HaBHranHOHHbrx 
CHCTCM AIM reorpacJDHHecKOH HPHBJBKH craHUHH; 

• MaciiiTaÖHpyeMOCTb - HapauiHBaHHe BCOMCOKHOCTCH nyTeM flonojiHemia annaparabrx 
MojryjieH, MOAepincaiiHH HO; 

• YnpaBJlHeMOCTb - aBTOHOMHOe (J)yHKnHOHHpOBaHHe C BO3M0>KH0CTbIO «HCTaHHHOHHOrO 
ynpaBjieroia H nepe^aHH HH<J)opManHH nepe3 jioKanbHtie H rao6anbHbie cera CBJBH; 

• ycTOHHHBOCTb - coxpaHeHHe pa6oTocnoco6HOCTH nofl BjiHHHHeM HeöJiaronpHaTHbix 
4>aKTopoB oicpy>KaK)ineH cpe^bi H OHIH5OK onepaTopa; 

• CoBMecTHMocTb - noÄnepsoca cyinecTByioiiiHX H BHOBB pa3pa6aib]BaeMbix npoTOKOJiOB 
nepeaann HH^opMaimH, (|>opMaTOB xpaHerora AaHHbix, SKcnopra B nonyjiapHbie rHC; 
4>yHKHHOHHpoBaHHe Ha pa3jiHHHbix annapaTHbix H nporpaMMHbix ruianfiopMax; 

• 3jieKTpOMarHHTHaH COBMeCTHMOCTb - HOpManObHOe 4»yHKUHOHHpOBaHHe B OipaHHHeHHOM 
npocrpaHCTBe   6ojibinoro   niicjia   POJJIHHHHX   paaHOTexHEraecKHx   H   sjieiopHHecKHX 
ycTpoiicTB; 

• 3pr0H0MHHH0CTb        -        COBOKyHHOCTb        CBOHCTB        MnCKH,        OÖycaaBJIHBaiÖIIIHX 
npHcnocoGjieHHOCTb K SKcmryaTauHH HejiOBeKOM-onepaTopoM. 

• 3KOJiorHHHOCTb - npH pa6oTC MnCKH He AOJDKHO npoHcxqmin, BpeflHoro B03^eHCTBHH 
Ha OKpyKaromyio cpe^y H HenoBeKa-onepaTopa. 

• 3K0H0MHHH0CTb. 

OcHOBHbie HanpaBJieHHH ccwaaHHa MIICKH 

ABTopaMH CTaTbH B HHHHMam pa3pa6oTaHa KOHnennna co3aaHHa 
nepcneKTHBHbix nepcoHajibHbix MO6HJII,HHX MEtCKH. CcpopMyjinpoBaHbi Tpe6oBaHHa 
H npe^iioaceHHa no co3aaHHK> KraoneBbrx saeMeHTOB MIICKH. Pa3pa6oTaHbi 
BapnaHTbi nocTpoeHHa aHTeHHbix CHCTCM MOÖHJibHofi MnCKH /yia zniana30Ha 137 
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Mrn. Co3flaHbi npoTOTHnbi sneMeHTOB aHTeHHbix CHCTeM, sjieicrpoHHbix H 

nporpaMMHBix Moaynefi MITCKH. 
npHeMHBie CTaHijHH ycjioBHO MO:*CHO noflpa3^ejiHTb Ha cjie/ryiomHe ranbi: 
• CTaHijHJi HH3Koro p&3peiHeHHa (ÄHana30H 137MIrj;); 
• CTamjHa cpe^Hero paBpemeHHa (flHana30HH 137 MPn H 1.7 ITu); 
• cTaHUHfl BbicoKoro pa3pemeHna (#Hana30Hbi 137 MIX 1.7 ITn H 8 ITn). 
MIICKH COCTOHT H3 cne/iyiomHX KOMnoHeHT: 
• aHTeHHaa CHCTeMa; 
• MOßyjib npneMHHKa H fleKOflepa; 
• 3BM ynpaBJieHHa H npezjBapHTejibHofi oöpaöoTKH AaHHbix; 
• nporpaMMHoe oöecneneHHe. 
COBpeMeHHMH   ypOBeHB  pa3BHTHa   MHKp03JieKTpOHHKH   H   MHKp03JieKTpOHHOH 

6a3Bi no3BOJiaeT co3,zjaBarb nepcneKTHBHbie MnCKH c HOBBIMH BO3MO>KHOCT»MH H 

xapaKTepncTHKaMH: 
1. IIpHMeHeHHe HC BBICOKOH cxeneHH HHTerpanHH no3BonaeT cymecTBeHHO 

yMeHbiiiHTb MaccoraöapHTHbie napaMeTpbi MFICKH; 
2. YMeHbuiHTb 3HepronoTpe6jieHHe MIICKH; 
3. MoaynbHoe nocTpoeHHe MIICKH no3BOJiaeT HapaiHHBaib BO3MO)KHOCTH craHnHH 

nyTeM floöaBJieHHa flononHHTejibHbix MOflyjiefi no Mepe Heooxo^HMOCTH; 
4. Co3aaeT BOSMOHCHOCTB MOflepHH3aiiiHH anropHTMOB 4)yHKI1^H0HHP0BaHHa 

(MHKponporpaMMbi) MHCKH. (AaanTanna K HOBBIM (|)0pMaTaM flaHHbix, 6e3 
3aMeHbi annapaTHOH nacra); 

5. IIpHMeHeHHe nporpaMMHbix MexoaoB oöpaöoTKH HH^opMauHH npHHHMaeMoö 
MIICKH no3BOJiaeT MOAepHH3HpoBarb H ÄOÖaBJiaTb HOBbie (JjyHKHHH CTaHHHH 
nyTeM oÖHOBJieHHa nporpaMMHoro oöecneneHHa. 

B HacToamee BpeMa B KanecTBe npneMHbix aHTeHH MIICKH ana Anana30Ha 
137 Mrn Hcnojib3yioTca JIHöO BHÖparopHbie, JIHöO cnnpajibHwe aHTeHHbi HMeiomne 
6oju>HiHe ra6apHTbi (1.5x1.Oxl.0M). J\SW yMeHbmeHHa pa3MepoB aHTeHHOH CHCTeMbi 
npezyiaraeTca Hcnonb30BaTb cerHeTOicepaMHHecKHe aHTeHHbi. IIpHMeHeHHe 
TexHOJiorHH cerHeToicepaMHKH no3BOJiaeT cymecTBeHHO yMeHbuiHTb raöapnrbi (BMecTe 
c MajiOHiyMaiHHM ycujiHTeneM (Mlliy) ~ 100x100x100 MM) H Bee (OKOJIO 300r BMecTe 
C Mlliy) aHTeHHOH CHCTeMbi. 

B KanecTBe npneMHbix aHTeHH B ,mian&30Hax 1.7ITn, 8rrn Hcnojib3yK)Tca 
napaöojiHHecKHe  aHTeHHbi,  c  ^naMeTpOM  napa6oaoH,zi;a OT   1.2  #o  2  MeTpoB  (B 

3aBHCHMOCTH   OT   THna   CTaHUHH). . IIpHMeHeHHe   TaKHX   aHTeHHblX   CHCTeM   co3^aeT 
TpyaHOCTH ana oneparaBHoro pa3BepTbiBaHHa MIICKH. npezjJiaraeTca Hcnojib30BaTb 
(JiajHpoBaHHbie aHTeHHbie peuieTKH (OAP) B KanecTBe aHTeHHbix CHCTCM MIICKH. 
OcHOBHoe npeHMymecTBO TaKofi CHCTeMbi OTcyTCTBHe MexannnecKoro CKaHHpOBaHHa 
jryna H KaK cjie#CTBHe oxcyTCTBHe MaccHBHbix H Aoporax cepBonpHBOflOB. 
YnpomaeTca MOHra>K, locxHpoBKa H SKcnjiyaTanna CHCTeMbi. CKaHHpoBaHHe aynoM 
ocym;ecTBJiaeTca sjieiapoHHbiM cnoco6oM, no3HHHOHHpoBaHHe nyna B rnooyio To^icy 
CKaHHpyeMoro npocTpaHCTBa ocymecTBJiaeTca npaicTHHecKH MrHOBeHHO H yraoBaa 
CKopocTb CKaHHpOBaHHa nyna 3HanHTejibHO npeBOCxo/iHT MexaHHHecKoe. 
Hcnojib30BaHHe aKTHBHbix OAP no3BOJiaeT ocymecTBHTb conpoBoac^eHHa HCCKOJIBKHX 

KA H npocTpaHCTBeiiHyio ceneicnHio noMex. npn 4eHeHHe OAP no3BOJiHT coKpaTHTb 
ra6apHTbi H Bee aHTeHHbix CHCTeM H ynpocTHTi. pa3BepTHBaHHe B 3KcnjiyaTanHio 
MnCKH. 
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Co3#aHHe nepcneKTHBHbix nepcoHajibHbix M11CKH H6BO3MO>KHO 6e3 C03/jaHHa 
HOBoro noKOJieHHH KocMHHecKiix cpeacTB. B HacTonmee BpeMa cynjecTByeT TeHjjeHHHa 
K yBejiiiHeHHK) o6i>eMa jxamnhix, coönpaeMoro KOCMHHCCKHMH cpe#CTBaMH 
HaÖJiioaeHHK. B TO >Ke BpeMa nojioca nponycKaHHa, BbmejieHHaa fljis KOCMHHCCKHX 

paaHOJIHHHH KOCMOC-3eMJia H HJIOTHOCTb MOIHHOCTH paflHOH3JiyHeHHa Ha nOBepXHOCTH 
3eMJiH orpaHHHeHa. /Jjia yBennneHHa o6beMa ^aHHtix nepe#aBaeMbix c KA Ha 3eMJiK) 
TpeöyeTCü npHMeHeiiHe CHCTCM oicaTHa HHC^opMauHH. OosTOMy nepcneKTHBHbie 
MriCKH AOJI>KHH oojiajjaxb BO3MO>KHOCTBIO npHHHMaxb H pacnaKOBbiBaxb «KaTyio 
HH(J)opMaHHio. 3TO Mo^ex 6fciTL CAextaHo KaK annapaxHHMn cpe/jcTBaMH, TaK H 

nporpaMMHO. Cne/iyeT OTMCTHTB, HTO fljia noBbiinenHa KanecxBa npneMa 
nepe^aBaeMOH HH^opManHH c KA, ynnTbiBaa Btiuie CKa3aHHoe, cjie^yeT Hcnojib30BaTb 
H36biTOHHoe Ko^HpoBaHHe cnraana. Hxo xoxa H npHBe^ex K yBejmneHHio o6beMa 
nepe/iaBaeMbix aaHHbix, 3axo HO3BOJIHX KanecxBeHHoe BocciaHOBJieHHe HH^opMauHH 
Ha npneMHOH cTopoHe, ^ax<e B HeÖJiaronpnaxHbix ycjioBHax (npn MeHtmeM 
oxHoiueHHH cnrnaji/rnyM). 

Mo^yjib npneMHHKa H fleKo^epa B Hacxoainee BpeMa Moacex 6bixb BbinojiHeH c 
npHMeHeHHeM HC BBICOKOH HiixerpauHH (FUMC, E(OC, MHicpoKOHTpojmepoB H /TO.). 

KpoMe npneMHHKa H /jeKOflepa 3Tox Mo^yjib BKjnonaeT B ce6a 6JIOK ynpaBJieHHa 
aHxeHHOö CHCTeMofi (BYAC) («jia CTaHHHH BbicoKoro H cpe#Hero pa3peineHHn) H 

ycTpoHCTBO conpa>KeHHa c 3BM ynpaBJieHHa H npeABapHxejibHOH oöpaöoTKH «aHHbix. 
BYAC npe^Ha3HaHeH ana (j)opMnpoBaHHa KOMaH« ynpaBJieHHa aHTeHHOH CHcxeMoft, B 

peajibHOM MacniTa6e BpeMeHH. B KanecxBe HCXOJTHHX flaHHbix jajia 4>opMHpoBaHHa 
ynpaBJieHHa aHxeHHoft CHCTCMOH ncnojib3yioTca napaMeTpbi op6nxbi cnyxHHKa. 

Mo^yjib jjjia CTaHHHH HH3KOFO pa3pemeHHH Mo^ceT 6biTb BbinojiHeH B BHfle 
PCMCI njiaTbi fljia no/nononeHHa K nopTaTHBHbiM nepcoHajibHbiM KOMnbioTepaM 
(riK). 

Mo^yjin CTaHHHH BbicoKoro H cpe/jHero paBpenieHHH MoryT 6biTb BbinojiHeHbi B 

pa3JIHHHOM HCnOJIHeHHH, B 3aBHCHMOCTH OT TCTO, C KaKHMH KA OHH pa60TaK)T. 
CicopocTb nepe^aHH «aHHbix co cnyraHKa Ha 3eMJirc> B #nana30He 1,7 rrn 

MO^eT aocTHraTb 32 M6HT/CCK, a B flnanajOHe 8 ITH MOKCT «ocTHraTb B 

nepcneKTHBe 256 M6HT/CCK. 

B 3aBHCHMocTH OT TpeöyeMofi CKopocTH npneMa ziaHHbix co cnyraHKa MO/ryjib 
npneMHHKa H fleKOflepa CTaHHHH BHCOKOTO H cpe^Hero pa3pemeHHH MOKCT 6biTb 
BbinojiHeH cjie/ryioiuHM o6pa30M: 

• B BH^e njiaTbi pacmnpeHHa UK B PCI HcnojiHeHHH; 

B 3TOM cjrynae M11CKH HcnojibsyeT pecypcbi nK ana sannen npHHHMaeMbix 
ßaHHblX. 

• B BH^e BHemHero ycTpoHcraa c HHTeptJjeiicoM conpa>KeHHa c 3BM 
ynpaBJieHHa H npczjBapHTejibHon o6pa6oTKH flaHHbix. 

B 3TOM cirynae Mo,nyjn> npneMHHKa H fleKo/jepa MOKCT 6biTb BbmojmeH Ha 6a3e 
npoMbiniJieHHOH oaHonjiaTHOft 3BM B crmmpre CompactPCI c HenrpajibHbiM 
nponeccopoM (CPU) Intel Pentium HJIH AMD K6. Hcnojib30BaHHe HIHHH CompactPCI 
n03B0JIHT    npHHHMaTb    «aHHbie    C    MaKCHMaJIbHbIM    nOTOKOM    ao    500    MÖHT/ceK.    JSflS 
o6ecneneHHa rapaHTHpoBaHHOH peaKHHH Ha BHenimie co6brrHa Hcnojib3yeTca onepauHOHHaa 
cncTeMa peajEbHoro BpeMeHH (THna QNX, OS-9, Windows NT peanbHoro BpeMeHH). BJIOKH 

npneMHHKa, «eKo^epa, ynpaBJieHHa AC H conpa^ceHHa BbinojiHaiOTca B CTaH^apTe 
CompactPCI.   QznromiaTHaa  3BM  ocym;ecxBJiaex  ynpaBJieHHe  pa6oTOH  Bcex  6JIOKOB 
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MnCKH, opraHH3yeT o6MeH ^aHHi-iMH H (J)opMHpyeT cnynceÖHyio HH(|)opMaHHK> pjw 
OTo6pa»ceHHa COCTOSHHH M11CKH Ha 3BM ynpaBJieHira H npe,ZD3apHTejibH0H oöpaöoTKH 
aaHHBix. B cocTaß MO^yjia npHeMHHKa H ^eKoaepa BXO/JHT flHCKOBtm MaccHB RAID. 

ripHHflTbie H coxpaHeHHbie Ha AHCKOBOM MaccHBe aaHHtie nepeflatOTca Ha 3BM ynpaBJieHna 
H npeflBapHTejiBHOH o6pa6oTKH #aHHbix, pa6oTaiomyio noa ynpaBJieHHeM OC Windows 
nepe3 ycipoHciBO conpiDKeinra. 

YcrpoHCTBO conpa>KeHHH npe/jcraBJifleT H3 cefk cereBofi Kompoiuiep HH6O 

BbicoKOCKopocTHOH KOHipojiJiep IEEE 1394 (Firewire), KOTOpbm no,naep}KHBaeT CKOpocm 
oÖMeHa ÄaHHbiMH 100,200 H 400 M6HT/C, a B nepcneicmBe 800 H 1600 M6HT/C. 

3BM yupaBJieHHH H npeflBapirrejibHOH o6pa6oTKH aaHHbix 

3BM ynpaBjieHHH H npeABapHTejibHofi o6pa6oTKH ziaHHbix npeACTaBJiaeT H3 
ce6a nepcoHajibHbiH KOMnbioxep HJIH paoonyro CTaHHHio Ha KOTopon ycTaHOBjieHO 110 
ynpaBJieHHa/ÄHarHOCTHKH MI1CKH, 110 npe^BapHTejibHOH o6pa6oTKH AaHHbix, 110 
Be#eHHK KaTajiora KC. 

OyHKHHH no ynpaBjieHHa/ffHarHOCTHKH MIICKH: 
• pacneT pacnncaHHa npoxoac^eHH» cnyTHHKOB nepe3 30Hy pa/nio BHäHMOCTH 

npneMHOH cTaHHHH B 3aaaHHOM HHTepBajie BpeMeHH; 
• pacneT TpaeieropHH cnyTHHKa H ynpaBJieHne aHTeHHofi: #Jia HaBe/jeHHa ee Ha 

cnyTHHK; 
• ynpaBJieHHe fleKOflepoM; 
• 3anncb flaHHbix c MIICKH B apXHB (FDKMJJ HJIH RAID-MaccHB, CTpHMep); 

• aBTOMaTHHecKHH npneM .aaHHbix no 3azjaHHOMy pacnncaHHio; 
• flnarHOCTHica H oxo6paaceHHe cocTOAHHa pa6oTbi MIICKH. 
OyHKHHH no npeflBapHTejibHOH oöpaGoTKH .zjaHHbixi 
• (|»opMHpoBaHHe pacTpoBbix H3o6paaceHHH H3 nojiyneHHbix #aHHbix; 
• paflHOMeTpHHecKyio KoppeKHHK) KC no Kaac^oMy cneicrpajibHOMy KaHany; 
• npocMOTp KC B JIK)6OM cneKTpajibHOM KaHane, BO3MO3CHOCTB "Bbipe3aTb" 

4>parMeHT ii3 KC c coxpaHeHHCM ero B OTACJIBHOM (jpaftjie; 
• 3KcnopT KC B c])opMaTM noaflep>KHBaeMbie THC H nporpaMMaMH 

TeMaTHHecKofi o6pa6oTKH ÄaiiHbix (ERDAS, ER-Mapper, H pp.); 

• 4>yHKHHH npeABapHTenbHoro aHajiH3a KC - MacuiTa6HpOBaHHe cHHMKa, 
H3MeHeHHe KOHTpacTa H apicocrn CHHMKa, onepanHH naa rncTorpaMMOH 
(BbipaBHHBaHHe), reorpa^HHecKaa npHBA3Ka KC no opÖHTajibHbiM 3JieMeHTaM. 

OyHKHHH nO Be^eHHa KaTajiora KC: 
• Be^eHHe 6a3bi ^aHHbix: 

• THn CKaHHpyromero npnöopa; 
• HajiHHHe B (Jmfijie onpe,a;ejieHHbix cneKTpajibHbix KaHanoB; 
• flaTa H BpeMH CBCMKH; 

• nOKpblTHe CHHMKOM 3a#aHHOH TeppHTOpHH; 
• MecTO xpaHeHHa (JmiiJia; 
• HajiHHHe HeKOToporo Texcxa B KOMMeHTapnax K 3anncaM. 

• npHJio^ceHHe ynpaBJieHHa KaranoroM npe^ocTaBjifleT TaK)Ke pa# #onoji- 
HHTeJIbHblX B03MO)KHOCTeH: 
• BbiBOfl HH^opManHH o Bbi6paHHbix 3anncax B O6MHHMH TeKCTOBbffl 4>aHJi; 
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• coxpaHeHHe H BoccTaHOBJieHHe Konnft TaöJiHH B cacaTOM BH^e c nejibio 
pe3epBHoro KonnpoBaHHa HJIH nepe/iaHH HX .zrpyrHM noJib30BaTejMM; 

• BWBOfl Ha nenaxb oiHeTOB H H3o6pa>KeHHH Kapxbi c KOHTypaMH CHHMKOB; 

• coxpaHeHHe B ^afijie H neqaTb upHBjrcaHHbix K 3anncflM rpa(|)HHecKHX 
H3o6pa)KeHHH; 

• HenocpejicTBeHHafl 3arpy3Ka BbiÖpaHHbix H3o6pa>KeHHH  B  npHJioaceHHe 
npocMOTpa H oöpaöoTKH H3o6pa>KeHHH. 

FIporpaMMHoe o6ecneHeHHe MOJKCT 6bm> peanrooBaHO nofl onepaupoHHbiMH CHCieMaMH 
(OQ Windows 9x/NT. flaHHbie OC HanSojiee pacnpocipaHeHbi H nocroaHHo coBepuieHCTByioTCH, 
HMeioT pasBHibiH HHiepcjieHC H BO3MO)KHOCTH paöoibi B ceiH. HMeerca öojibuioe KOjaweciBo ITiC H 

nporpaMM TeManwecKoii oöpaßoiKH KC, Koropbie paooraioT HMCHHO nop, SOHMH OC, HTO no3BOJiaeT 
jiynme HHierpHpoBaib HO MTICKH flna pa6on>i c HHMH. 

O^HH H3 BapnaHTOB MI1CKH BbicoKoro pa3pemeHHH noKa3aH Ha PHC. 1. 

Antenna 
system unit 

Single-board computer y 

| ASCU [ 

j      Receiver module 

Decoder module     [' 

Tape Storage   Disl< Storage 

PHC. 1 

Mo^yjib npneMHHKa H ,a;eKO,nepa BbinojiHeH Ha 6a3e npOMbiuiJieHHOH 
OAHonjiaxHOH 3BM B CTaH/iapTe CompactPCI. CooTBeTCTBeHHO SJIOKH npneMHHKa, 
fleKO^epa, BY AC TO>Ke BbinoiraeHbi B cxaH^apTe CompactPCI. B Ka^ecTBe ycTpoftcTBa 
conpjDKeHH» c 3BM ynpaBJieHHH H npe#BapHTejibHOH o6pa6oxKH /jaHHbix 
npHMeHaeTca eraHflapTHbiH Etherart KOHTpojurep, BcrpoeHHbiH B npoMbinmeHHyio 

3BM JIH6O BbicoKOCKopocxHOH KOHTpojurep IEEE 1394 (Firewire). 
B KanecTBe nponeccopa EYAC npHMeHserca 32-pa3pflrnHbm DSP <j)HpMbi Analog 

Device ADSP 21065, no^epKHBaroiimH KOMannbi c miaBaiomeH TOHKOH H HMeromim 
6H6jraoTeKy ocHOBHbrx MaTeMaTHHecKHX 4>yHKUHH (sin, cos H zip.). CymecTByeT 
B03M0KHQCTB nporpaMMnpoBamia DSP na a3bnce BbicoKoro ypoBHa CH. Hcnojib30BaHHe 
DSP ocBoöoacßaeT ueHTpajibHbiH npoueccop OAHonjiaraoH 3BM OT c^yHKHHH ynpaBJieHHH 
aHTeHHOH CHCTeMOH B npoHecce rrpoBeasHHa ceaHca npneivia H noßiunoHaTb HecKOJibKo 
aHTeHHbK CHCTeM. 

BJIOKH npneMHHKa H aeKo^epa nocTpoeHbi c npHMeHeHHCM IUIHC FLEX 10K, HTO 

no3BOJiaeT MOAH(J)HHHpoBaTb anropHTMbi oöpaöoTKH aaHHbix B pe>KHMe paöoTbi. 
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MITCKH flonycKaeT aBTOHOMHyio pa6oiy B TeneHHH HecKOJibKHx cyTOK c 
coxpaHeHHeM HH^opMaijHH flHCKOBDM MaccHBe RAID H apxHBauHeii Ha cTpHMepe. no 

Mepe HeoöxoÄHMOCTH 3Ta HH^opMauna nocTynaeT Ha pa6onyio CTaHHHto flna 
aajitHeHHieH o6pa6oTKH KC HJIH ,0Jia.Hcnojib3OBaHHa ee B THC. 

npocMOTp H nepBHHHaa o6pa6oTKa KC ocymecTBJiaeTca Ha rpa^HHecKofi 
pa6oneH CTaHUHH (CM. PHC. 1). TTporpaMMa npocMOTpa H nepBHHHOH oöpaöoTKH KC 
MI1CKH HMeeT BO3MO>KHOCTB SKcnopTa B fyopuaxu nonynapHbix THC. 3TO aaeT 
B03M05KHOCT& Jiencoft HHTerpanHH aäHHbix, nojiynaeMBie c MI1CKH, c naKeTaMH 
o6pa6oTKH flaHHbix ,H33 xnna ERDAS H THC. 

B    POCCHH,    B    HaCTOHHlHH    MOMCHT,    pa3pa6aTBD3aiOTCH    6opTOBbie    yCTpOHCTBa 
npocrpaHCTBeHHoro CHaTHa H3o6paaceHHÄ, nocTynaroiiiHX c AarqHKOB JJ33. Hcnonb30BaHHe 
GopTOBoro OKaraa rooSpaaceHHa npn nepe^aHH saHHbix co cnyiHinca Ha MTICKH no3BOJiHT 
Ha OäHH - zipa nopanjca yBejaiHHTb oöteM HH^opMauHH nojiynaeMOH MITCKH. /Ina 
Hcnojib30BaHHa KC, oKaitix Ha 6opry ciryranKa, HX HeoöxojpiMO AeKOÄHpoBarb. uoaroMy, 
no mm MTICKH Ha nacTOTbi 1,7 lTu, H 8 lTu npejnioJiaraeTca Äonojnnrrb MozryjieM 
«eKO^HpoBaHHa npocTpaHCTBemio-cacaTbix H3o6paaceHHH. 

llepcneKTHBHtie cnyTHHKH ,333 GyayT KOMnjieKTOBaTbca cicaHHpyiomHMH 
cneKTpoMeTpaMH BbicoKoro npocTpaHCTBeHHoro pa3penieHHa Y<I>, BHAHMoro H HK 
ÄHana30HOB. CoBpeMeHHbie H nepcneKTHBHbie paziHOJiHHHH "cnyTHHK - nyHKT npneMa" 
HMeioT nponycKHyio cnocoÖHocTb nopa^Ka 100 MöHT/CCK. J\sm nepe#aHH ßaHHbix c 
nepcneKTHBHbix cneKTpoMerpoB TpeöyeTca nponycKHaa cnoco6HOCTb paoHOJTHHHH 
nopa^Ka ^ecaTKOB r6HT/ceic. J\JW 3Toro aBTopaMH npe#JiaraeTca ocymecTBJiaTb 
CHHTe3HpoBaHHe MyjibTHcneicTpajibHbix KaHaJiOB H TeMaTHHecKyio KJiaccHc|)HKanHio 
MHoro30HanbHbix H3o6pa:«eHHH Ha 6opTy cnyTHHKa, Hcnc>Jib3ya GopTOByio CHCTeMy 
oöpaöoTKH H3o6paaceHHa H nepe^aBaTb KOflHpoBaHHbie ^aHHbie no HMeioniHMca 
pa^HOJiHHHaM. no, ana MCnKH Ha nacTOTbi 1,7 ITn H 8 ITn, npeflnojiaraeTca 
ßOnOJIHHTb   MOflyjieM    fleKO/IHpOBaHHa    CHHTe3HpOBaHHbIX   H    KJiaCCH(])HHHpOBaHHHX 

H3o6pa^ceHHH. 

3aKJiK>HeHHe 

no MHeHHKD aBTopoB co3AaHHe nepcneKTHBHbix Majibix npneMHbix CTaHHHH 
AOIDKHO ocymecTBJiaTbca coBMecTHo c pa3pa6oTKoft H co3,naHHeM öopTOBbix CHCTCM 

oöpaöoTKH H3o6pa»:eHHH (B TOM HHcne CHCTeM cacaTHa H3o6paaceHHH). 
nepcneKTHBHbie Manbie npneMHbie CTaHUHH flOJiacHbi pa3pa6aTbraaTbca Ha 6a3e 

HC   BblCOKOH   HHTerpanHH   (TIJIHC,   npOUeCCOpOB   HOC,   MHKpOKOHTpOJIJiepOB),   HTO 

ynpocTHT TexHHnecKoe  oocJiyKHBaHHe  H  MO,n;epHH3aHHK)  MnCKH. KpoMe  Toro 
noBWCHTb     3KcnjiyaTanH0HHbie     CBoficTBa     MnCKH     no3BOJiaeT npHMeHeHHe 
HeTpa^HHHOHHbix pemeHHH co3,naHHa aHTeHHbix CHCTeM - npHMeHeHHe 
cerHeTOKepaMHHecKHX aHTeHH H 4>a3HpoBaHHbix aHTeHHbix penieTOK. 
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FOR RECEPTION OF SPACE INFORMATION 

A. Volkov, S. Afanasiev, S. Krutykh 
TsNIIMash RSA, 

Pionerskaya 4, Korolev, Moscow Region, 141070, Russian Federation 

Abstract 

an Today, when GIS technologies have been enhancing and widely spreading, 
acquisition of the operating geoecological spatial information is getting in a growing 
significance. A large content of the geo-information is currently acquired by space 
systems. Republic administrations and local authorities in regions and cities; experts in 
meteorology, agriculture, agronomy, oil-and-gas industry; navigators and travellers; 
scientific expeditions and others are interested in a fast delivery of the space 
information. To meet completely the needs of the above consumers, small stations for 
space information reception (SMASSIR) have been recommended, including mobile 
ones. 

Application of small stations for space information reception 

SMASSIRs are designed for reception of the information acquired by space on-board 
devices of the Earth remote sensing, and also for thematic processing and prompt 
distribution of the information to a wide range of consumers. 

A SMASSIR allow to receive the following data1: 

• images of the land and ocean surfaces, and also clouds in UV, visible, IR and 
microwave ranges; 

• the state of the atmosphere; 
• meteorological parameters transmitted in a telemetry frame (temperature, pressure, 

velocity of wind, etc.); 
• time and geographical references. 

The received information after a thematic processing can be used for: 

• assessments of an ecology situation in a region; 
• realization of prospecting survey; 
• monitoring of contaminant sources; 
• detection, evaluation of sizes and monitoring of events in the zones of catastrophes, 

forest and steppe large fires, large-scale contaminations on an ocean and land surface; 
• monitoring of motion of the boundaries of desert lands and drought zones; 
• identification of atmospheric fronts; 
• tracing of a cloud cover; 
• calculation of the temperature of a land or ocean surface; 
• analysis of the condition of a farmland; 
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monitoring of the condition, classification and evaluation of the output of 
vegetations; 
land cadastre mapping; 
calculations of vertical profiles of both temperature and humidity; 
calculations of an integrated parameter of humidity; 
weather forecasting. 

An analysis of existing small stations for space information reception 

The existing SMASSIRs provide reception from geostationary satellites (Meteosat, 
GOES, Electro); from polar satellites (Meteor, NOAA); and from the Resurs, Landsat, 
SPOT satellites. 

The receiving stations of the WeatherFront type (GEODYNAMICS Corp.) or SMART 
Station (GEODYNAMICS Corp.) consist of a parabolic antenna with a downconverter, 
receiver and decoder, the antenna positioner, and are designed as an independent unit, or 
as interface plates with personal computers. For example, a WeatherFront station is an 
independent device on the basis of i486DX processor, has interfaces for connection with 
devices of GPS and weather bureau stations. The SunSparc workstation is used as a 
device for processing of the received data, and connects with the receiving station via an 
Ethernet network. 

The SMART Station has modifications (marine and land)3 and provides data reception 
from satellites in HRPT, GOES, GMS, Meteosat formats. The receiving station is of 
ISA, EISA or PCI bus card size, it has an analogue, serial, TTT RS-422 input and 16, 32 
or 64-bit words to workstation bus. A computer on Windows NT, SUN Microsystems, 
Silicon Graphics and DEC Alfa (DEC OSF/1 (UNIX)) platforms is used as a device for 
the received data processing. The software is supplied as modules for ERDAS Imagine: 
SMARTrack, HRPT Module, MET Module. 

Liana (R&D Center ScanEx), MEMOSAT, SUJET-M, the Russian receiving stations, 
provide a signal reception from NOAA, Meteor, Ocean satellites in APT format (137 
MHz). They are designed as an ISA interface plate for an IBM-compatible PC, or as an 
external unit with the RS-232 interface. The supplied software for Windows provides 
calculation of reception sessions, displaying of the received data, geographical and map 
reference, export of graphic files2,4. 

Such Russian receiving stations as Liana-M and Selena (R&D Center ScanEx)2,4 are 
used for demodulation, analog-digital conversion and PC input of the data received from 
the meteorological satellites of Meteosat, GMS, Goes and Electro type on 1.7 GHz 
frequency. The software, supplied with stations, is designed under MS Windows 3.1 and 
provides an image reception from a satellite according to a schedule, real-time display of 
the reception process on the computer screen, sequential animation of the images, 
handling of fragments of the images, export of an image in a BMP-format file format 
and obtaining of the image hardcopies. 

ScanEx (R&D Center ScanEx), SUJET-MC, Russian receiving stations, are used for 
reception, demodulation, recording on a hard disc of a PC and primary processing of 
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the received data in HRPT format from NOAA satellite in the frequency band of 1670- 
1710 MHz. 

ScanEx consists of an antenna system, antenna system interface unit with PC and 
software. The antenna system consists of a parabolic reflector with an antenna rotator, 
fed by a low-noise amplifier with a downconverter. The interface unit consists of an 
amplifier and phase detector of received signals, converter of signals into a parallel 
digital code, both analog-to-digital and digital-to-analog converters of check-up signals 
and signals to control the system, antenna amplifiers and simulator of signals. The 
interface unit is designed as a desktop unit with feeding from a supply source of AC 220 
V, 50 Hz and addin ISA card for an IBM - compatible PC. The software developed for 
MS Windows 3.1, consists of two basic applications: data acquisition schedule control 
code {Scan Receiver) and program for both fastview and primary data processing {Scan 
Viewer). The time schedule control program {Scan Receiver) executes calculation of a 
schedule of satellites passing through a station reception area within a given time 
period; indication of the state of both the antenna and dataflow during a reception 
session. The fastview and primary data processing program {Scan Viewer) provides 
annotation of the images, fastview of the images with a capability of selection of a 
channel and a fragment, scaling of the images, geographical and map reference for 
orbital elements, pceudo-colour imaging with an option of a graphic pallet formation, 
calculation of histograms and item photometry, correction of an exact time of a 
reception and orientation of a satellite on reference points in an image, saving of 
selected fragments in an initial format and their export into standard formats, obtaining 
of hardcopies of the images2,4. 

ScanEr (R&D Center ScanEx, Russia)2,4, is used for reception and primary processing 
of the satellite data from «Resurs-Ol-3» satellite in 8 GHz. The receiving station 
consists of an antenna system, interface unit of the antenna system with a computer and 
software for reception {Resurs Receiver) and primary processing {Scan Viewer) of the 
achieved information. The antenna system consists of a parabolic antenna with the 
antenna rotator, a low-noise amplifier and downconverter. The interface unit consists of 
an amplifier and phase detector of received signals, converter of a received signal into a 
parallel digital code, analog-to-digital and digital-to-analog converters of check-up 
signals and signals to control the system, simulator of signals. The interface unit is 
structurally made as a desktop unit v/ith feeding from a supply source of AC 220 V, 
50 Hz and addin IBM PC ISA cards. The MMPI station (RNII KP, Russia) is a 
functional analog of ScanEr station. 

UniScan /.//(R&D Center ScanEx, Russia), is a new version of a station, integrating 
capabilities of two systems: ScanEr, designed for reception of data from Resurs-0 
satellites, and ScanEx, designed for reception of data from NOAA satellites. 

The receiving stations of ERS, GMS, IRS, INSAT, LANDSAT, SPOT are rather 
complex and large receiving systems which being small are not personal. A user can get 
data from these systems at a central system of distribution. Therefore, receiving stations 
of the said systems are included in a unified system of data collecting, processing and 
archiving, and in the given article are not considered. 
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Design principles of advanced small stations for space information reception 

The above review of the current state in the field of small stations for reception of space 
information, their exploration, and also prospects for new space means and subsystems 
in the Earth remote sensing, assumes conformity of planned SMASSIR to the following 
basic principles: 

• small sizes and mobility - a SMASSIR should be designed in a mobile version 
(portable, transportable) and provide on-line operation at any position on the Earth, 
that assumes the global navigational systems (GPS/GLONASS) shall be used for a 
SMASSIR positioning; 

• Scalability - enhancement of capabilities by adding hardware modules, and/or 
modernization of software; 

• Controllability - autonomous operation with the capabilities of remote control and the 
data transmission through local and global telecommunication networks; 

• Stability - maintenance of operational performances under a rugged environment 
impact and/or man error; 

• Compatibility - support of new and existing data transfer protocols and formats of 
storage and export in commonoly used GIS; ability to operate on various hardware 
and software platforms; 

• Electromagnetic compatibility - normal operation in a small-size space with a great 
number of various radio and electrical devices; 

• Ergonomics - a set of properties of a SMASSIR, making its exploration comfortable 
to an operator; 

• Ecofriendness - a SMASSIR operation should not cause damage to both an 
environment and operator; 

• Efficiency. 

Main directions of a SMASSIR development 

The authors have proposed a concept of an advanced personal mobile SMASSIR 
development in TsNIIMASH. Requirements and proposals on design of key elements of 
the SMASSIR have been formulated. Some versions of an antenna system configuration 
for the mobile SMASSIR in 137 MHz range have been developed. Prototypes of 
antenna system elements, electronic and programm modules of the SMASSIR have been 
manufactured. 

Conventionally, the receiving stations can be subdivided in the following types: 

• low resolution station (137 MHz); 
• middle resolution station (137 MHz and 1.7 GHz); 
• high resolution station (137 MHz, 1.7 GHz and 8 GHz); 
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A SMASSIR consists of the following components: 

• an antenna system; 
• a module of a receiver and decoder; 
• a PC for control and data preprocessing; 
• software. 

The modern level of microelectronics development allows to create an advanced 
SMASSIR with new capabilities and performances: 

1. An application of high-density integrated circuit allows to reduce essentially the mass 
and overall dimensions of SMASSIR; j 

2. and also to reduce its power consumption. 

3. The modular configuration of SMASSIR allows to enhance capabilities of the station ! 
by adding additional modules if required. 

4. Algorithms of operation (firmware) of a SMASSIR can be modernized. (Adaptation \ 
to new data formats without replacement of hardware is available).                                                   ; 

5. An application of special programm techniques for data processing allows to upgrade 
and add new functions of the station by updating its software. 

Now, either dipole or spiral antennas, having large sizes (1.5x1.0x1.0 m), are used as a 
SMASSIR receiving antennas for 137 MHz. To minimize the antenna system sizes, 
ferroelectrical antennas can be used. The application of ferroelectrical technology allows 
to reduce essentially sizes (down to ~ 100x100x100 mm together with a low-noise 
amplifier (LNA)) and weight (about 300g with LNA) of an antenna system. | 

The parabolic antennas with the diameter of a paraboloid from 1.2 up to 2 meters 
(depending on the type of station) are used as receiving antennas in 1.7 GHz, 8 GHz j 
bands. The application of such antenna systems makes an on-line operation of a ' 
SMASSIR difficulty. Therefore, phased antenna arrays (PAA) are proposed as antenna 
systems for a SMASSIR. The Main advantage of such systems is that mechanical 
scanning of a ray and, consequently, massive and expensive servo-drivers are not used 
in their scheme. The mounting, preliminary adjustment and operation of a system 
become simplier.  The ray scanning is executed under an electronic method, the 
positioning of a ray in any point of scanned space is really carried out instantly and the 
angular velocity of a ray scanning exceeds considerably the one of a mechanical method. 
The use of active PAA allows to follow several satellites and to make spatial selection 
of interferences. The application of PAA will allow to reduce sizes and weight of 
antenna systems and to simplify the SMASSIR put in operation. 

Advanced personal SMASSIR will require a new generation of space on-board devices. 
At present, there is a tendency to increase the volume of data acquired by space means. 
At the same time, the frequency band allocated for space-to-ground line and a power 
density of radio emission on the Earth surface are limited. To increase the volume of 
data transmitted from space to ground, an application of data compression systems is 
required. Therefore, an advanced SMASSIR should have a capability to receive and 
unpack compressed data. It can be realized on hardware and also on program level. It 
should be noticed, that taking into account the above said, to increase the quality of 
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a data reception from a satellite it is necessary to use the technique of redundant 
encoding of a signal. Though it will increase the transmitted data flow, but provide a 
qualitative data decoding on the receiving part, even in unfavorable conditions (at a 
smaller signal-to-noise ratio). 

At present, the module of a receiver and decoder can be manufactured with application 
of high integration microcircuits (CPLDs, DSPs, microcontrollers etc.). Except for a 
receiver and decoder, this module includes an antenna system control unit (ASCU) (for 
stations of high and middle resolutions) and an interface unit with a PC for control and 
data preprocessing. ASCU is designed to generate control commands of the antenna 
system in real time. To control the antenna system, orbit elements of a satellite are used 
as an input data. 

The module for a low resolution station can be realized as a PCMCI card for connection 
to a portable personal computers (PC). 

The modules of high and middle resolution stations can be produced in various form, 
depending on the type of a satellite they work with. 

The data rate of the 1,7 GHz downlink can achieve 32 MBit/s, and in future in the 8 
GHz band it can achieve 256 MBit/s. 

Depending on the required data rate the module of a receiver and decoder can be 
produced as: 

• an expansion PCI card for PC. 
In this case a SMASSIR uses the PC resources to store the received data; 

• a peripheral unit with an interface to PC for control and dala preprocessing. 
In this case module of a receiver and decoder can be realized on the basis of an 
industrial single-board computer in the CompactPCI standard with the CPU Intel 
Pentium, Pentium II or AMD K6. The use of a CompactPCI bus will allow to receive 
data with the maximum flow up to 500 MBit/s. To provide a guaranteed response to 
an external event, a real-time operational system (QNX, OS-9, Windows NT of real 
time) is used. The units of the receiver, decoder, ASCU and interface are produced in 
the CompactPCI standard. An industrial single-board computer controls the operation 
of all units of a SMASSIR, organizes data exchange and forms the service interactive 
data for displaying the SMASSIR condition on the PC for control and data 
preprocessing. The module of a receiver and decoder includes a RAID disk array. 
The data, received and saved on the disk array, are then transmitted to the PC for 
control and data preprocessing, operating under OS Windows, via an interface unit. 
The interface unit is a network controller or high-speed controller IEEE 1394 
(Firewire) which supports the data transfer rate of 100, 200 and 400 MBit/s, and 800 
and 1600 MBit/s in future. 
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The PC for control and data preprocessing 

The control and data preprocessing PC is a personal computer or workstation with the 
installed SMASSIR control/diagnostics software, data preprocessing software, software 
for space image cataloging. 

Functions of the SMASSIR control/diagnostics software: 

• calculation of the satellite passing schedule for the zone of reception of a station 
within a specified time period; 

• calculation of a satellite trajectory and control of the antenna to point it at the 
satellite; 

• control of the decoder; 
• data recording from SMASSIR into an archive (HDD or RAID-array, streamer); 
• automatic data reception in accordance with a satellite passing schedule; 
• diagnostics and displaying of the state of SMASSIR operation. 

Functions of the data preprocessing software: 

• creation of raster images from the received data; 
• radiometric correction of a space image in each spectral channel; 
• browsing of a space image in any spectral channel, "cut out" of a fragment from a 

space image with its saving in a file if a user demands; 
• export of space images into formats supported by GIS and software for thematic data 

processing (ERDAS, ER-Mapper, etc.); 
• a preliminary analysis of space images (scaling of an image, modification of contrast 

and brightness of an image, handling of a histogram (alignment), geographical 
referring of a space image on orbital elements). 

Functions of the software for the space images cataloging: 

• keeping of a data base: 

• type of a scanning device; 
• availability of the specified spectral channels in a file; 
• date and time of a survey session; 
• coverage of a specified territory by an image; 
• place of storage of a file; 

• availability of some text information in the comments to records. 

• Additional functions provided by the catalogue keeping software: 

• output of information on the selected records in a text file; 
• saving and restoring of the tables copies in compressed form to have reserve copies 

or transfer them to other users if required; 
• printing of reports and a map with outlines of images applied to a map; 
• saving in a file and printing of images, referred to records; 
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•   direct loading of selected images in the software shell for browsing and image 
processing. 

The software can be realized under operational systems (OS) Windows 9x/NT. These 
OS are most commonoly used and are regularly improved, have advanced interface and 
capability for operation in a network. There are many GIS and software for thematic 
processing of space images which can work just under these OS. It allows a better 
integration of a SMASSIR software into the said software. 

A variant of SMASSIR configuration is shown in Fig. 1. 

Antenna 
system unit 

Single-board computer 

! ASCU 

Receiver module 

Decoder module       i 

■:*; P-JB 

1 
r^j 
s^h 

Tape Storage    Disk Storage 

Fig.l A SMASSIR configuration for 1.7 GHz and 8 GHz operation. 

The module of a receiver and decoder is designed on the basis of an industrial single- 
board computer in the CompactPCI standard. Blocks of the receiver, decoder, ASCU are 
also designed in the CompactPCI standard. A standard Ethernet controller, built in an 
industrial computer or a high-speed controller IEEE 1394 (Firewire) is used as an 
interface unit from the control and data preprocessing computer. 

A 32-digit ADSP 21065 (Analog Device) is used as the processor ASCU. It can support 
a floating point operation, has a library of main mathematical functions (sin, cos etc.). 
There is a possibility to programm the DSP in a high level language C. The DSP use 
will allow to unload the CPU of the single-board computer out of the control of the 
antenna system during a reception session and to connect some more antenna systems. 

The receiver and decoder are designed on CPLD FLEX 1 OK that provides modifications 
of data processing algorithms during operation. 

During several days a SNASSIR is capable to operate in an autonomous regime with 
providing the data storing in the RAID disk array and also archiving on a streamer. On 
demand, the data delivered to a workstation for its further processing or for use in a GIS. 

An image browsing and its primary processing are executed on a graphic workstation 
(see figure 1). The software for browsing and preprocessing provides an export of 
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an image into the formats of commonly used GIS. So, the received data can be easily 
integrated in the software packages used for processing the Earth remote sensing (ERS) 
data, and in GIS. 

Currently, in Russia on-board devices for spatial compression of the images, received by 
means of the ERS, have been developing. An on-board compression of images will 
allow to increase the volume of data transmitted to a ground SMASSIR (by 1-2 order of 
magnitude). To use the compressed information, the latter must be decoded by an 
additional module. Such a decoder of compressed data is planned in the software for a 
SMASSIR in 1.7 GHz and 8 GHz. 

In future, the ERS satellites will be equipped with scanning high-resolution 
spectrometers of UV, visible and IR ranges. The information efficiency of present and 
future "satellite-to-ground" lines is about 100 MBit/s. The use of new generation 
spectrometers will require the transmission rate of tens GBit/s. The authors propose to 
provide an on-board synthesis of multispectral channels and also on-board thematic 
classification of the received multispectral images by an on-board data processing 
system. Then, the obtained encoded data can be transmitted to ground. The software for 
a SMASSIR in 1.7 and 8 GHz is planned to be enhanced with a module for decoding a 
synthesized and classified image. 

Conclusion 

Advanced small stations for space information reception should be developed in parallel 
with the development of space on-board systems for image processing (including the 
system for image compression). 

A future small receiving station should be designed on the basis of high-integrated 
circuits technology (CPLDs, DSPs, microcontrollers) that willmake maintenance and 
modernization of the station easier. 

Operational performance of a SMASSIR can be also improved if uncommon 
developments on antenna system design are used such as the ferroelectrical antenna and 
phased antenna array techniques. 
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TEPMAHCKHM IJEHTP yilPABJIEHHfl nOJIETOM. 
HEKOTOPHE riPMHIJHnbl ErO IIOCTPOEHHfl 

n.IlHOTpOBCKHH (GSOC, TepMaHHH), 
B.H.nonyKaeB (Dyil-M  UHHHMAIII, POCCHH) 

/JOKJiafl nOCB«mCH paCCMOTpeHHIO HeKOTOpMX npHHIXHnOB, KOTOpbie 
6MJIH nojioaceHbi B OCHOBY nocTpoemra TepMaHCKoro IJempa ynpaBJieHHü 
KOCMHHeCKHM nOJICTOM (GSOC). 

GSOC 6hui co3AaH B 1968 ropy zum ynpaBJieHira HJIH yaacTira B 

ynpaBJieHHH KocMHraecrcuMH nporpaMMaMH, BbinojiiraeMbiMH TepMaHHeH 
HJIH coBMecTHo c TepMaHHeH. 3a nepnofl cBoero cymecTBOBaHHH GSOC 
npHHHMaji yqacTHe 6ojiee HeM B fleca-m KOCMHHCCKHX npoeicrax. 

3a BpeMH CBoero cymecTBOBaHHH GSOC npomeji HecKOjibKO aTanoB 
MOflepHH3an;HH, Ka>K#aa H3 KOTopbix yBejiHHHBajia BO3MOJKHOCTH Hempa, HO 

He Merouia npHHHHnoB, KOTopbie 6MJIH nojiojiceHbi B OCHOBY nocTpoeHiw 
GSOC. 3TO flOKa3ajio 3(p(peKTHBHOCTb H paHHOHajibHOCTb STHX npHHHHnoB. 

npeaJiaraeMWH BanieMy BHHMaraiio AOKJia/j nocBameH H3jioxeHHK) 
HeKOTopbix H3 3THX npHHHHnoB. IlpH H3JioxceHHH MaTepHajia HCnOJlb3yeTCH 
TepMHHOjiorHH H noflxoflbi, ocHOBaHHbie Ha 6a3e TeopHH ynpaBjieHHa 
cjicoKHbix npoueccoB, pa3pa6oTaHHi.ix B Uyil-M Li;HHHMAIII. 

1. rjiaBHaa ynpanrrflioinasi crpVKTVpa 

JIK>6OH Ujemp ynpaBjieHHii nojieTOM - 3TO cneHHajiH3HpoBaHHoe 
npe^npHaTHe, npoH3Bonamee oco6yio nponyKLniro - ynpaBjiaiomyio 
HH(popMaHHio, KOTopaa, B KoneHHOM cqeTe, nona,n;aeT Ha 6opT KA H 

oÖecne^HBaeT ero <£yHKH,HOHHpoBaHHe B cooTBeTCTBHH c B03Jio)KeHHbiMH Ha 
Hero 3aflaqaMH. 3Ta ynpaBjiaramaa HH(popMamia aBJiaeTca pe3yjibTaTOM 
ÄeöcTBHH HeKOTOpoH CHCT6MM, 4>yHKUHOHHpyKMHeH B Dyile. Ha30BeM ee 
rjiaBHOH ynpaBJiaiomeH CTpyKTypoii (TYC). OHa He HMeeT 
o6menpH3HaHHoro Ha3BaHHa H B 3aBHCHMocTH OT U,yTIa H OT cTpaHbi, me 
OH co3flaH, Moacex Ha3HBaTbC5i no-pa3HOMy. B HacraocTH B POCCHH OHa 
Ha3biBaeTca roiy (rjiaBHaa onepaTHBHaa rpynnw ynpaBJieHHü). B cBoen 
paöoTe rYC Hcnojib3yeT TexmwecKHe, MaTeMaTHaecKHe cpeacTBa 
HaxoßamHeca B Uyile, a TaiOKe Hcnojib3yeT nepcoHaji Uyila. K 
TexHHHecKHM cpeflCTBaM omocaTca: 3ajibi ynpaBJieHHH c yHHBepcajibHbiMH 
paöoqHMH MecTaMH (yP'M), cpe/icTBa oToßpaaceHHü HHCpopMaHHH, cpe/jcTBa 
CBM3H   BCeX   BHflOB,   TepMHHaJIbHbie   yCTpOHCTBa,   BbMHCJIHTejIbHaa   ceTb.   K 
MaTeMaTH^iecKHM cpeflCTBaM omocaTca nporpaMMHoe oöecneaemie, 
peajiH30BaHHoe Ha BbraHCjraTejibHoö ceTH. IIOMHMO sToro B oGecneqeHHe 
Bxo^HT TexHojiorHH, BKJiKwaromaa nojioxeHHe no B3aHMOfleHCTBHio Bcex 
SJieMeHTOB      rYC,      flOJDKHOCTHbie      HHCTpyKHHH      Bcex      CneHHajIHCTOB, 
ynacxByiomHX B cpyHKHHOHHpoBaHHH rYC. KaaqjoMy KA, ynpaBjieHHe 
KOTOporo ocymecTBJiaexca H3 Uyila, cooTBeTCTByeT CBoa TYC. ECJIH H3 
Uyila ojj,HOBpeMeHHO ynpaBjiaeTca HecKOjibKO KA, TO B Liyne cymecTByeT 



o#HOBpeMeHHO HecKOJibKO ryC. 3TH rye, 6yayHH peajiH30BaHM B OZIHOM 

Idylle, Moryr nepeceKaTbca no cpe^cTBaM LjyTIa. MOXHO craTarb, mo 
Uyjl ecTb He HTO HHoe, KaK cpe^a cymecTBOBamra ryC. Ijyn 
oöecne^iHBaeT cjie,nyiomMe BO3MC»KHOCTH: co3^aeT rye (nopojKaaeT ryC), 
oöecneHHBaeT, no^mepacHBaeT ee itpyHKUHOHHpoBaHHe H, no oKOHHaHJtn 
paöoTbi ITC, aeMOHTHpyeT ee. 

06JIHK H BO3MO)KHOCTE( rye onpeflejiaioTca THnoM KA, mm 
ynpaBjieHHH KOTOPMM OH co3,n,aH, H noaTOMy KOjimecTBeHHo rye ßjra 
pa3jiHHHbix KA Moryr cymecTBeHHo pa3jnraaTbC5i. OflHaKO CTpyKTypHO OHH 

no cymecTBy oßHHaKOBbi, xora cTeneHb pa3BHTHfl aneMeHTOB ryC #JIH 

pa3jrnqHbix KA MosceT 6biTb cymecTBeHHo pa3jiw4HOH„ 
TaKHM o6pa30M, xapaKTepHCTHKa U,yTIa, KaK cpe^w, nopoacaaiomen 

lye, onpeaejweTCfl cpoKaMH H CTOHMOcTbio co3,naHHeM ryC jijin KaJKHoro 
KA, a Taicace CTOHMOCTI>IO noaaep^CKH (pyHKHHOHHpoBaHHH H o6ecneHeroifl 
nopojKaeHHoro ryC. 

3^ecb HeoöxoflHMO oTMeTHTb, TTO ryC He ecTb U,yTI, flaxe ecjin 
Ijyn co3^aH TOjibKo fljM oGecneneHHii ynpaBjieHHü o^Horo KA. npocTo B 

3TOM cjryqae wjxzi cpamHBaHHe MHOHIX ajieMeHTOB ryC H U>TIa. B 
3aBHCHMocTH OT THnoB KA, ana ynpaBJieHira KOTopbiMH co3^aH IJ,yn, 
MHoacecTBa rye, KOTOpbie nopo^KaaeT Uyil, B TOH HJIH HHOö cTenemi 
oTJiEraaioTCH Äpyr OT apyra. Ho 3TOMy npH3HaKy MO5KHO ocymecTBjMTb 
KjiaccHcpHKamiio LjyiloB. B STOH KjiaccncpHKaHHH Ha Han6ojiee BMCOKOH 

cTyneHH CTOHT Te IiyriM, pjix KOTopwx Tnn ynpaBjraeMoro KA JIH6O 

Booöme 3apaHee He onpeflejien, JIH6O xce onpe^ejieH He coBceM cTporo. 
HMCHHO K TaKOMy THny oTHociiTbCü GSOC. OH co3flaH äJIä ynpaBJieHHH 
BceMH KA, co3flaBaeMMMH TepMaHHeH HJIH C ee yqacraeM. TeM He MeHee, 
KaK noKa3ana npaKTHKa (pyHKHHOHHpoBaHHH GSOC 3a TpHzmaTHJieTHHH 
nepnofl cBoero cymecTBOBamra, Moryr 6biTb ctpopMHpoBaHbi psm 
npHHnnnoB,   peajiH3anii5i   KOTOpbix  flejiaeT  pa6oTy   UYTIa     ,a;ocTaTOHHo 
3CpCpeKTHBHOH m^KQ H B 3THX yCJIOBHHX.    PaCCMOTpHM HX. 

2. OcHOBHbie  npHHHHnbi nocTpoeHHfl  GSOC 

B cooTBeTCTBHH c cpopMOH cymecTBOBaHHH ryC jum ero 
nopoac^eHHH TpeöyeTca pemHTb ejie/iyiomHe npoÖJieMbi: 

-co3aaTb ycjiOBHH jijiH paÖOTbi cnennajiHCTOB, BxoflamHX B ryC; 
-pemHTb npoojieMy opraHHsannio CBH3H Bcex BH^OB, Hcnojib3yeMOH 

npH ynpaBjieHHH nojieTOM; 
-C03JIßTb    BbFfflCJIHTejIbHyiO    CeTb    Tpe6yeMbIX    B03MO}KHOCTeH    JlJia 

pemeHRa Bcex sa^an, Hcnojib3yeMbix JJJIH ynpaBJieHtra; 
-opraHH30BaTb flByxcTOpOHHHÖ HH(popManHOHHbiH oÖMeH Me>Kny 

rye H KA; 
-pa3pa6oTa.Tb nporpaMMHoe oGecnenemie zyra BbiHHCJiHTejibHOH 

ceTH. 

KpoMe nepeHHcjieHHoro, TpeÖyeTc« TaioKe HanHHHe HeKOToporo 
KOJiHHecTBa    cnenHajiHCTOB-ynpaBJieHneB   HeoöxoflHMofi    KBajincpHKaHHH, 



o6-beaHHeHHbix B paMKax onpeaejieHHofi opraHH3anHOHHoft cTpysaypbi. 
3TOT Bonpoc HMeeT caMOCTOOTejibHoe 3Ha*ieHHe H 3flecb OH oöcyatflaTbca He 
6yn,eT. IlpocTO 6yzteM npe/rjiojiaraTb, HTO nofloÖHbie cnennajracTbi HyacHoro 
KanecTBa n KOjimecTBa ecTb. 

CymecTByeT HecKOJibKO iiyxefi Bocco3#aHHH TYC. CaMbiii npocTOH - 
3TO fljia Kax^oro TYC., nopoxg^eHHoro B UYIIe, co3flaK>TC5i c Hyjia CBOH 

caMocTOHTejibHbie cpeflCTBa. Ho TaKOH nyrb Kpaime He pauHOHajieH. Bo- 
nepBbix, OH TpeöyeT oneHb AiiHTejibHoro cpoxa co3flaHna TYC. Bo-BTopbix, 
OH TpeÖyeT 6ojibUiHX MaTepnajibHbix 3aTpaT H 3Ha^HTejibHbix (pHHaHcoBbix 
BJIOXeHHH. 

flpyroft, 6ojiee paHHOHajibHbiö nyrb - OTO co3,n;aHHe HeKOTopon 
yHHBepcajibHOH cpeflbi, HacTpaHBaeMoii Ha KOHKpeTHbie noTpeÖHocTH B 

3aBHCHMOCTH OT Tore, KaKoro THna KA ynpaBJiHeTCJi H3 UYIIa. 
npHHminHajibHO B03MOXHO co3^aTb TaKyio cpe#y, HO oHa, BO-nepBbix, 
noTpeöyeT oneHb 6ojibiHHX HaliajibHbix BJiojKeHHH, a, Bo-BTopbix, MoaceT 
oKa3aTbca TaKOH, HTO MHorae BO3MOXHOCTH UYTIa He öynyr 
BocTpe6oBaHbi, HTO, ecrecTBeHHO, TaioKe KpaHHe HepauHOHajibHo, Tax KaK 
npHBe^eT, B KOHCHHOM BH^e, K HeonpaBflaHHbiM HanajibHbiM 3aTpaTaM. 

riosTOMy 6ojiee pauHOHajieH KOMÖHHHpoBaHHbiii no^xofl, npn 
KOTOpoM yHHBepcajibHaa cpe^a IJYTIa    (popMHpyeTCü W™ Tex ajieMeHTOB 
TYC,  KOTOpbie flBJMIOTCfl  OÖIUHMH PW  BCeX  KA,     JXHH  KOTOpblX C03ÄaeTC3 
DYTI, H KOTopwe c noMoiubio cneiiHajibHOH H cpaBHHTejibHo HecjioiKHofi 
HacTpoHKH Moryr »BjraTbcii aneMenraMH TYC äJIü KOHKpeTHoro KA, 
ynpaBjiaeMoro H3 flaHHoro UYTIa. Pm ace ajieMeHTOB TYC co3flaK>TC5i 
nojTHOCTbK), ecTecTBeHHO, c npHMeHeHHeM Tex BosMoxcHocTeii, KOTopwe 
npeflocxaBjraeT UYII. 3TO, KaK npaBHJio, KacaeTCH Tex ajieMeHTOB, KOTopbie 
CB«3aHbI C HHÄHBimyajIbHblMH OCOÖeHHOCTflMH KA. 

OflHHM H3 rJiaBHWX npHHUHnOB GSOC KaK pa3 H COCTOHT B 

pa3yMHOM coneTaHHH yHHBepcajibHOH HacTpanBaeMoö cpe^bi H 

HHaHBH^yajibHbix flopa6oTOK no i<a>KZioMy KA, xapaKTepHbix TOjibKo ,zyra 
aaHHoro o6beKTa. 

KpaTKO paccMOTpHM B Hanajie, MTO OTHOCHTCü K yHHBepcajibHOH 
HacTpaHBaeMoii cpe^e GSOC. 

K 3TOH rpynne cpeacTB OTHOCHTC»: 

- annapaTHo-nporpaMMHbie cpeflCTBa, 
- CpeflCTBa CBÜ3H Bcex BH^OB; 

- paöoHHe noMemerara c pa6o*mMH KOHCOJMMH H cpeacTBaMH 
KOjijieKTHBHoro oToöpaaceHHa; 

BXO/xHbie   H   BbixoflHbie   KaHajibi   c    cooTBeTCTByroineH 
annapaTypoH. 

Bee 3TH  CpeflCTBa OÖJiaflaiOT B03MO)KHOCTbIO KOH(pHrypHpOBaHHH,  B 
pe3yjibTaTe nero B paMKax yKa3aHHOH coBOKynHOCTH cpe^cTB o6pa3yioTCH 
sjieMeHTbi, paöoTaiomne yxe TOJibKO Ha KOHKpeTHbrä o6beKT. 

MOIHHOCTH   flaHHMX   CpeflCTB   Bbl6paHbI   C   TaKHM   paCHeTOM,   HTOÖbl 
npeflocraBJiajiacb   B03MOXHOCTb   co3^aBaTb   KOHcpHiypaHHH   STHX   cpe^cTB 
O/IHOBpeMeHHO flJIH HeCKOJIbKHX KA. 



J\J19L  KOHTpOJM 3a <|)yHKUHOHHpOBaHHeM Ka^OH  H3 KOH(pHrypail,HH 
B GSOC co3flaHa cnen,HajibHaa cHCTeMa MOHHTopHHra TexHEraecKHX 
cpencTB H jiHHHH CBH3H H ynpaBjieHHJi pecypcaMH. BajKHeftmee 3HaneHHe 
npn KOHCTpyHposaHHH BbWHCjiHTejitHOH cera H ee nporpaMMHoro 
oöecne^eHH« HMejfH TpeooBarow, BbipaÖoTaHHbie B GSOC. KpaTKo HX cyib 
COCTOHT B cjieayiomeM: O/HIH nporoBOAHTejib, ßeueHTpajrasoBaHHbiH 
no/ixoji:, flocTaToqHaa Ha^eacHocTb, B03MoacHocTb npoH3BO,n;HTejra 
oßecneHHBaTb BHyTpeHHHe ceTeßbie KOMMyTau,HH, Hcnojib30BaHHe o^Horo 
H3bIKa nporpaMMHpOBaHHH BblCOKOrO ypOBH5I, B03MCßKHOCTb HCnOJlb30BaHHH 
ceTeBoro oÖecneieHira Bbicmero nopüflKa, He Hcnojib30BaHHe a3bnca 
AcceMÖJiep (KpoMe cHCTeMHbix (pyHKimft). 

K sjieMeHxaM TVC, BHOBb co3flaBaeMbiM fljia Kaxaoro KOHKpeTHoro 
KA, OTHOCHTCH, B ocHOBHOM, cneniiajibHoe nporpaMMHoe oöecneneHHe, 
BKjiioHaiomee: 

- ,a,opa6oTKy KOMnjieKca xejieMeTpHHecKOH o6pa6oTKH; 
- KOMiuieKCbi aeajiM3a COCTOAHHU 6opTOBbix CHCTCM; 

- KOMiuieKc pacneTa ynpaBJieHH» ÄBiraceHHeM KA (ecjra ecTfa 
cneuHtpHKa B HCM) H KOMnjieicc njiaHHpoBamra nojieTa B nacra Tex 
cneuHcpHraecKHX onepauHH, KOTopwe BbinojiHflioTC» Ha KA. 

BblBOflbl. 

Pa3flejieHHe cpe^cTB UYIIa Ha yHHBepcajibHbie cpe^cTBa, 
KOH(pHrypHpyeMbie cpe,o;cTBa H BHOBb co3flaBaeMbie fljra Ka^a,oro KA 
cpe^cTBa HBjraeTca acptpeKTHBHbiM npHHHHnoM nocTpoeHHü IJ,yna. 
IlpaBHJibHoe cooTHouieHHe Mcsmy nepBOH H BTopoä rpynnoö cpe^cTB 
no3BojiHeT coieTaTb cymecTBeHHoe coKpameHHe cpoKOB nqznxyroBKH TYC 
JUIX npHHHMaeMOH Ha oScjiyaoiBaHHe c SKOHOMHeö 3axpaT Ha HX co3flaHHe. 



A3poTepMo6ajiJiHCTHraecKoe     (fcopMHpoBairae     B03BpamaeMoro     Ha 
3eMJiK>     nmioTHpyeMoro     KocMHHecKoro     annapaTa     MapcHaHCKoro 

SKcne^HinioHHoro     KOMiuieKca 

HsaHOB  H.M., Ka3axoB  M.H., PYMWHCKHH A.H., COSOJICBCKHH  B.T. 
UHHHMAin 

AHHOTAIJHJI 

B flOKJia^e npeacTaBjieHbi MarepHajibi no cpopMHpoBaHHio 
nepcneKTHBHoro B03BpainaeMoro Ha 3eMjno nmioTHpyeMoro KocMmecKoro 
annapaTa (KA), BXOEwnjero B cocTaB MapcnaHCKoro aKcne/JHnHOHHoro 
KOMnjieKca. npHBOjjjrroi 6a30Bbie nojioaceHHH pa3pa6oTaHHOH MCTO^HKH 

aapoTepMoöajijiHCTHraecKoro (popMHpoBaHHJi nepcneKTHBHoro 6ecKpbuioro 
cnycKaeMoro KA AJIM flnana30Ha rHnep6ojiHHecKHX cKopocTen BXO#a 
annapaTa B aTMoccpepy 3eMjin. flaioTca pe3yjibraTbi cpaBHHTejibHoro 
TenjioBecoBoro aHajiH3a Tpex nepcneKTHBHbix SecKpbi/ibix B03BpamaeMbix 
KA B flHana30He cKopocTeii Bxoaa V0 = 13-17 KM/C , B ^Hana30He 
npoÄOjibHbix flajibHOCTen LK = 3000-5000 KM { npH o6ecneiieHHH 
TOMHOCTH nocaflKH | ALK | < 1 KM ), npH BbinojiHeHHH TeMnepaTypHoro 
orpaHH^eHiw B xapaKTepHOH TO*iKe Ha HaBeTpeHHOH noBepXHOCTH 
cnycKaeMoro KA, a TaKsce npn oöecneneHHH aonycTHMoro neperpy30HHoro 
peacHMa jyw sKHnaaca Kopa6jra (c yqeTOM (paKTOpa "nepeHocHMOcTH" 
neperpy30K ÄeTpeHHpOBaHHMM opraHH3MOM KOCMOHaBTa). 

BBEAEHHE 

3a nocjieflHHe roßbi BHOBI> nojiyqHjio pa3BHrae O«HO H3 BaameninHX 
HanpaBJieHHH coBpeMeHHOH KocMOHaBTHKH - HanpaBjieHHe MeacroiaHeTHbix 
MapcnaHCKHX SKcne^HUHH c B03BpameHHeM Ha 3eMJiio. AicryajTbHocTb 
3aHHoro HanpaBjieHira CBsraaHa, B nepByio onepeflb, c o6baBJieHHOH 
üporpaMMOH Hccice^oBaHHW Maipca Ha nepnojj; ^o 2015 r. c noMombio 
aBTOMaTHHecKHX H nHJioTHpyeMbrx KocMEraecKHX annapaTOB. 

B 60-e roam Ha HanajibHOM ("poMaHnnecKOM") 3Tane pa3BHTira 
nnjioTHpyeMoii    KocMOHaBTHKH    yKa3aHHoe    HanpaBjieHHe    pa3BHBajrocb 
ÄOCTaTO^HO HHTeHCHBHO [6-10,17,18], HO 3aTeM B CHJiy paSJIHMHblX 
nOJIHTHKO-SKOHOMIWeCKHX H paKeTHO-KOCMHHeCKHX npHHHH    npOBOflHMbie 
nporpaMMbi    HccjieflOBamiH    H    pa3pa6oTOK 6buiH "cBepHyTbi". 
npoBe^eHHbie B xe roflbi KOMnjieKCHbie HccjieflOBaHH» no BceM 
BaxcHeHinHM HanpaRrteHHaM iipoöjieMbi peajiroanHH Me^ouiaHeTHon 
MapcnaHCKOH SKcneflHHHH c B03BpameHHeM Ha 3eMJiio npHBejin K 

nojiyneHHio       BaacHeftninx       (pyHflaMeHTajibHbix       (zyra       npHKJiazmoH 
KOCMOHaBTHKH)    pe3yjIBTaTOB,    He    nOTepHBDIHX    CBOeÖ    3HaHHMOCTH    H    B 
HacToamee BpeMH. 

Bbino ycTaHOBJieHo, MTO JUIH ocyinecTBJieHHH "3axBaTa" annapaTa 
aTMOCcpepoH     3eMjra,     a     TaKxee     jyw     oöecneqeHHü     flonycTHMbix 
B.CoÖOJieBCKHH 



TeMnepaiypHoro H neperpy3oiHoro pexnMOB Ha TpaeKTopnn CHKXCCHHH 

cnycKaeMoro KA BajKHeHmen npoeKTHo-6ajuincTHHecKOH 3a#aHeH 
HBJiaeTca sazjaaa imxoM^Qmm MHHHMajibHo-HeoöxoßMMoro pacnojiaraeMoro 
aapo^HHaMiwecKoro KanecTBa (Kp)miu pjia Hccjie,nyeMoro cnycKaeMoro 
annapaTa (CA) JIK>6OH paccMaTpHBaeMoii KOHCpHrypannn. B pe3yjibTaTe 
npoBefleHHWx HccjieflOBaHHH onpe^ejieHo, HTO pjin nepcneKTHBHbix 
6ecKpbiJibix CA HeoSxoflHMO o6ecne*iHTb (Kp)min > 0.4 [6j. YKasaHHbiH 
pe3yjibTar npHBeji K HeoöxoflHMOCTH paccMOTpeHHfl nepcneKTHBHbix 
cnycKaeMbix annapaTOB neTpaaHHHOHHbix (zum Toro nepnofla pa3BHTira 
KocMOHaBTHKH) KOH(pHrypannH - annapaTOB KJiacca "KomraecKHH cerMeHT" 
[5,10,18], annapaTa ÖMKOHH^ecKon KOHcpnrypanHH [18], annapaTa 
cerMeHTajibHo-KOHiraecKOH     KOHcpnrypanHH     [10] (OTJIKHHOTO     no 
reoMeTpiraecKHM nponopniwM OT TpaflHnHOHHoro CA KK "COKW"), 

cnycKaeMoro   annapaTa   'Apollo"   [18]      H      MHornx  flpyrax   annapaTOB 
OpHTHHaJIbHWX KOH(J)HiypanHH. 

K HHCjiy BaxHenniHX ncxoflHbix napaMeTpOB, xapaKTepioyiomHX 
B3aHMHoe nojioxeHHe Tpe6yeMoro panoHa nocaflKH B03BpamaeMoro KA H 

4>a30Boro MecTonojioaceHHH annapaTa npn BXOäC B arMoccpepy (HJIH 

6a30Bbix napaMeTpOB noßjieTHofi ranepÖojibi), OTHOCHTCH nponojibHaa 
ÄajibHocTb LK aTMoecpepHoro ynacnca cHiDKerara annapaTa. Ebuio 
ycTaHOBjieHO, MTO npn npoH3BOjibHOM 3aflaHnn flajibHocra LK npaMaa 
noca^Ka annapaTa B TpeöyeMOM panoHe 3eMJin (6e3 BbuieTa B03BpamaeMoro 
KA 3a npeflejibi aTMOotpepw) MO)KeT 6biTb He oÖecneneHa. B pe3yjibTaTe, 
zuifl o6ecneHeHH5{ np>iMOH nocaflKH B03BpamaeMoro KA Ha TeppnropHH 
CCCP (Ha HinpoTe cpK = 50° ceB.mnp.) paccMaTpHBajica #Mana30H 
npofloj[bHbix flartbHOCTen LK = 3000-5000 KM , a BaameHinHM 
nojry^eHHbiM pe3yjn.TaTOM aBjiaeTCH cjie,oyioinHH pe3yjibraT [7,10] - 
HeoöxoflHMbiM ycjioBHeM ocymecTBJieHHfl npHMoii noca^KH B03Bpam,aeMoro 
KA    B    TpeoyeMOM panoHe leppHTOpHH CCCP    (Ha mnpoTe <pK = 50° 
ceB.UIHp.) XBJISIQTCÄ     BbinOJIHeHHe     TpeÖOBaHHJI      HenOJIOXCHTeJIbHOCTH 
HaaajibHoro yrjia cKfiOHeHna Ha 6ecKOHeHHOCTH 8«, < 0 (pnc.l), npnaeM 
yroji 5oo xapaKxepH3yeT nojioaceHne acHMnTOTbi nofljieTHon ranepöojibi 
KocMPwecKoro annapaTa. 

Tlpn HeöjiaronpH«THOM cone/ramm HCXOäHWX napaMeTpOB V,XJ n 8«, 
(npe)Kji;e Bcero, B oÖiracTH srnweHHÖ 8« > 0 ) ocymecTBjreHHe npaMon 
nocazucH B03BpamaeMoro KA He Bcer^a BO3MOXHO H noaTOMy 
Heo6xoflHMO npHHHMaTfc. BO BHHMaHne ajibTepHaTHBHWH cnocoö 
opÖMTajibHyio nocaflKy (c npeÄBapHTejibHbiM BMXO^OM KA Ha op6nry 
HCKyccTBeHHoro cnyTHHKa 3eMjra). 

OcymecTBjreHHe 6e3onacHon nocaflKH niuiOTHpyeMoro B03BpainaeMoro 
KA Tpe6yeT yqeTa H pememra BaacHennien 3aaaHH no o6ecne*ieHHio 
^onycTHMoro neperpysoHHoro pexHMa #JM aicnnaxa KopaSjia, *ITO cBH3aHo, 
B nepByio oaepeflb, c yneTOM flonycTHMon flJiHTejibHOCTH B03flencTBna (B 

nponecce TopMoxeHnsi annapaTa B aTMOccpepe) öojibinnx neperpy30K Ha 
ÄeTpeHHpoBaHHMH opraHH3M KocMOHasTa [17]. PeiueHHe yKa3aHHon 
3aziaHH "nepeHOCHMocTn" neperpy30K (BMHOCJIHEOCTH KOCMOHaBTa K 

flencTBHio      neperpy30K)        6MJIO      cpopMajirooBaHO        c        noMombio 
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aHajiHWiecKoro cooTHomeHHH [9], yHHTbiBaiomero HHTerpajibHoe 
B03#eHeTBHe neperpy30K B nponecce TopMoxeHHH KA B 

aTMoctpepe H nosBOjraiomero CHHTe3HpoBaTb TpeöyeMyio TpaeKTopHio 
cHHxeHHa H 3aKOH ynpaBjieHHH KA c nejibio 6e3ycjioBHoro BbinojiHeHHH 
KOHe^iHöro ycjioBiM no "nepenocHMocra" neperpy30K: <1>K < 0. 
Hcnojib30BaHHe ^aHHoro KpnrepHfl no3BOjiHjio o6ecne*iHTb 6ajuiHCTHHecKoe 
pemeHHe 6e3onacHOH noca^KH B03BpamaeMoro KA B TpeöyeMOM panoHe 
Ha TeppHTOpHH   CCCP [10]. 

Heo6xO«HMO OTMeTHTb, HTO Bbiöop (pOpMbl (KOHcpHiypanHH) 
nepcneKTHBHoro B03BpamaeMoro KA CTHTajicfl B TOT nepno,n; O#HOH H3 
BaacHeiiniHX 3a#aq npoeicrapoBanHH, nocKOJibKy cyMMapHaa noTpeOHaa 
Macca Tenjio3amHTHoro noKpbrora (T3II) cnycKaeMoro annapaTa 
oueHHBajiacb BejiHHHHoi «40% OT oömen Maccw B03BpamaeMoro KA. 
OosTOMy npH Bbi6ope (popMbi nepcneKTHBHoro cnycKaeMoro KA B Ka^ecTBe 
raaBHOH nejieBOH 3a^aHH CTOiuia 3a,n;aHa MHHHMH3anHH cyMMapHofi 
noTpeÖHOH Maccbi T3I1 annapaTa (npH BbinojiHeHHH Bcex Tpe6yeMbix 
orpararaeHHH H ycjioBHH nocaflKH B 3a#aHHOM panoHe) [10,14]. 

BA30BHE    nOJIO}KEHHH    METQßHKH 
AaPOTEPMOBAJlJIHCTHHECKOrO OOPMHPOBAHH5I 

BECKPbmoro  cnycKAEMoro   KA 

B HacToamee BpeMH Ba^KHeHinefi 3a^aMeH nHjioTHpyeMOH 
KocMOHaBTHKH aBjiHeTCH 3aflaHa oöecneMeHHfl TOHHOH noca/iKH 
nepcneKTHBHoro cnycKaeMoro KA B JIK)6OM 3a^aHHOM panoHe 
noBepxHocTH HJIH aKBaTopHH 3eMJiH - oÖecneneHHe BMCOKOTOHHOH 
nocanKH (B npeflejiax Kpyra flnaMCTpoM 1 KM) annapaTOB, B03BpamaeMbix 
c opÖHTbi HC3 [1]; o6ecneneHHe TOHHOH nocaznai MeaoiJiaHeTHbix KA B 
3a^aHHOM panoHe 3eMJiH HJIH flpyron Hccjie,zryeMOH iuiaHeTbi (HanpHMep, 
Mapca) [3]. 

B Hejiflx AocraraceHHH yzjaHHoro (B TexHBraecKOM H SKOHOMHKO- 
CTOHMOCTHOM OTHODieHHHx) npoeKTHO-KOHCTpyKTopcKoro peinemra, a 
TatoKe     zyra     oöecneneHira     6bicTporo     (onepaTHBHoro) co3flaHHH 
nepcneKTHBHoro     B03BpamaeMoro     KA JIIOÖOH KOH(pHrypanHH 
HeoöxoflHMO Ha Ha^ajibHOM arane npe^3CKH3Horo npoeKTHpoBaHHH 
annapaTa cpopMHpoBaTb B3aHMOcorjiacoBaHHbie     H    TexHHHecKH 
peajiH3yeMbie npoeKTHO-reoMeTpHHecKHe, npoeKTHo-6ajuiHCTHqecKHe H 

aapoTepMOflHHaMH^ecKHe napaMeTpw co3flaBaeMoro cnycKaeMoro 
(B03BpamaeMoro) KA [1-4]. YKasaHHbiH no^xofl K KOMnjieKCHOMy 
npoeKTHpoBaHHio nepcneKTHBHoro annapaTa rapanrapyeT (popMHpoBaHHe 
HenpoTHBOpeHHBbix peajiH3yeMbix TaKTHKO-TexHmecKHX xapaKTepHCTHK 
cnycKaeMoro KA H o6ecneqHBaeT ycneniHoe npoBeaemie nocjieayioinHX 
fleTajibHbix npoeKTHo-KOHCTpyKTOpcKHX npopa6oroK. 

AapoTepMoSajuiHCTHHecKoe npoeKTHpoBaHHe nepcneKTHBHoro 
cnycKaeMoro KocMiraecKoro annapaTa ecTb cpopMHpoBaHHe 
B3aHMOcorjiacoBaHHbix SasoBbix npoeKTHo-SajuiHCTHHecKHX, 
aapoTepMOflHHaMHqecKHX      H      npoeKTHO-reoMeTpiraecKHX      napaMeTpoB 
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annapaTa, peajiJoyeMocTb KOTopwx npoBepMeTCü B nponecce 
öajiJiHCTHHecKoro MOflejiHpoBaHira ÄBEraceHiw cnycKaeMoro KA Ha Bcex 
yqacxKax nojieTa. 

HaHajibHWM STanoM MeTOflojtorHH ÖajiJiHCTHHecKoro npoeKTHpoBaHiw 
cnycKaeMoro KA 3a#aHHOH KOHCpHrypamra ABjmeTCJi (popMHpoBaHHe 
6a30Bbix HcxoflHbix flanHbix (WJJ) ÄJiH npoBefleHHW pac^eTOB no 
HaxoacfleHHio peajiH3yeMbix npoeKTHO-reoMeTpiraecKHX n 
aapo/iHHaMHHecKHX napaMeTpoB npoeicrapyeMoro annapaTa. K HHCjry 
6a30Bbix HcxojiHbix aaHHbirx nnjioTHpyeMoro cnycKaeMoro KA 
cerMeHTajibHo-KOHHHecKon KOHCpHiypanHH (pnc.2) OTHOCOTCJI: MHcjieHHocTb 
3Knna5Kä; napaMeTpbi KoncpnrypanHH, xapaKTepH3yiomHe reoMeTpHHecKne 
nponopmiH annapaTa (napaMeipw 9C , 0K , XK); o6beM W (no BHeuiHHM 
oÖBOflaM annapaTa) HJIH xapaKTepHbin jiHHeiiHbiH pa3Mep D cnycKaeMoro 
KA; Ha^ajibHaa Macca G0 (HJIH Macca nojie3Horo rpy3a Gnr) 
npoeKTHpyeMoro  CA. 

HaxoiKfleHHe OCHOBHHX reoMeTpnqecKHX pa3MepoB npoeKTHpyeMoro 
cnycKaeMoro annapaTa (CA) ocymecTBjraeTC« c noMonjbio TaK Ha3biBaeMoro 
ypaBHemra KOHCpHrypauHH [10,11]: 

W = CfD3, (1) 
r^e       W- o6beM annapaTa, M

3
; 

D - xapaKTepHMH jiHHeHHbift pa3Mep annapaTa, M; 

WIH CA paccMaTpHBaeMoro Kjiacca    D    ecTb ^.HaMeTp 
jioöoBoro ctpepHHecKoro        cerMeHTa     (pnc. 2); 

C( - K03(p4)H]ü[HeHT (pOpMbl, CpyHKHHOHajIbHO 3aBHC5ffiI,HH 
OT HcxoÄHbix xapaKTepHbix napaMeTpoB  KOHCpHiypanHH. 

ßjw  cnycKaeMoro  annapaTa     paccMaTpHBaeMoro  Kjiacca ypaBHemie 
KOHcpnrypaHHH HMeeT ejiesyiomHH BHZI,: 

Cf=24' 

(1 -sin0r)(2 + sin0P)    1-
BJ 0, 

~7T^\ — + ^+BkFj(2 + sinek)cosek (l + sinec)cos0c tg6k k (2) 

rfle 
Fk=2Xk-tgek, 

Bk = Fk(l + sin9k). 

CjiesyeT nqzjqepKHyTb, HTO äJIH Kaagjoro CA 3a,aaHHoro 
reoMeTpHMecKoro    OOJIHIOI    MOH/T    6biTb    nojiyqeHbi    cooTBeTCTByiomHe 
aHaJIHTHHeCKHe COOTHOUieHHJI. 

Ha ocHOBe cooTHOineHHH (l)-(3) ojmosHarao onpeflejunoTc« Bee 
reoMeTpHHecKHe napaivieTpw paccMaTpHBaeMoro nepcneKTHBHoro CA, MTO 

no3Boji5ieT BbFiHCjiHTb napaMeTp "Tuiomaflb MHaejieBoro ceneHHH" S^ 
(HeoÖXOÄHMWH J1J151 flajlbHeHUierO (pOpMHpOBaHHfl npoeKTHo- 
6ajiJiHCTHHecKHX zjaHHbix)    H   npoeKTHWH   napaMCTp [4,11 ] 

_ 4.836- W2/3 U) 
kucn- ~  ' v4/ 

Si 
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xapaKTepH3yiomHH cTenenb npoeKTHoro coBepnieHCTBa annapaTa, 
npiraeM Ss B cooTHonieHHH (4) ecTb nojiHaa noBepXHOcTb cnycKaeMoro 
KA, BbrqHCJieHHaa no HafifleHHbiM reoMeipiraecKHM napaMeTpaM. 

Cjie^yeT oTMeTHTb, ^TO B cjiyiae o6ii3aTejibHoro BbinojiHemra 
npoeKTHoro ycjioBHfl no MaKCHMajibHo-aoiiycTHMOMy 3HaMeHHK> ^naMeTpa 
D (TpeöoBaHHe pa3MemeHHfl cnycKaeMoro KA B oTcexe nojie3Horo rpy3a 
paKeTbi-HocHTejia) Hcnojib30BaHHe ypaBHeHira KOH(pHrypauHH (1) 
no3BOJiüeT oflH03Ha^HO onpe^ejiHTb pacnojiaraeMbiii o6beM W annapaTa. 
KpoMe    Toro,    BbinojraeHHe ÄonojiHHTejibHoro    Tpe6oBaHHfl no 
TpaHcnopTHpoBKe       6ojibniepa3MepHbix rpy30B (D   <   4.1    M) 
orpaHEraHBaeT  BejiHHHuy  pacnojiaraeMoro   oöbeMa   annapaTa:   W =   22.5 
M3. 

IjiaBHOH 0C06eHH0CTbK) 4>opMnpoBaHHH peajiH3yeMbix 
aapOÄHHaMHwecKHX napaMeTpoB npoeKTHpyeMoro cnycKaeMoro KA 
aBJiaeTca HaxoxaeHne anana30Ha 6ajiaHCHpoBOHHbix yrjioB araKH as, B 

npe«ejiax KOToporo annapaT (B nponecce TopMoaceHna B aTMOc<pepe) 
coxpaHfleT npo/iojibHyio CTanraecKyio ycTOHHHBOcTb. KaK H3BecTHo, 
KpHTepneM nponojibHOH cTaTircecKOH ycToiwHBOcra jnoöoro jieTaTejibHoro 

annapaTa «BjiaeTCH BbinojmeHHe ycjioBHH —-— = m^+<0     nPH      mzt = °- 
da l 

fljin Kaac^oro cnycKaeMoro KA Moryr 6biTb nocTpoeHbi 3aBHCHMOcTH 

Kp = f(mä) H a8 = f(Kp,mä)    (nPH       pasjiHHHbix   3HaqeHmix 

KoopflHHaTbi xT  neHTpa Mace annapaTa). 
Hcnojib30BaHne yKasaHHbix rpacpEraecKHX 3aBHCHMOCTen no3BOJiaeT 

yeraHOBHTb He TojibKO peajiH3yeMMH anana30H Aa5 ÖajiaHCHpoBOHHWX 
yrjioB aTaKH, HO H anana30H npeflejibHbix 3HaneHHH 6ajiaHcnpoBOHHoro 
aapoanHaMHHecKoro KanecTBa  [2,4,5]. 

ITojiyHeHHe      rpadpHHecKHX      3aBHCHMocTen Kp = f (m^)       H 

a§ = f(Kp,m^) (PHC.3)  »BjraeTCü flocTaTOHHO TpyaoeMKon  n  xuiHTejibHOH 

pacHeTHon onepanneH. B nejrax oneparaBHOH (SbicTpon) oneHKH 
jieTaTejibHbix cnoco6HOCTen HJIH jieTa6ejibHOCTH npoeKTHpyeMoro 
annapara (Ha ^onycTHMOM 6ajiaHCHpoBoiiHOM yrjie aTaKH as) nojryqeHbi 
HOBbie aHajiHTiwecKHe COOTHOIH6HHH [11,12]. OöoÖmeHHbiii KpHTepHH 
jieTaöejibHocTH cnycKaeMoro annapaTa oGbe^HHaeT KaK npoeKTHo- 
reoMeTpEraecKHe H aapoflHHaMHMecKHe napaMeTpw, TaK H ocHOBHbie 
npoeKTHo-eajijiHCTHHecKHe napaMeTpbi  CA (aapo^HHaMiraecKoe KanecTBO 

Ks   H   SajuiHCTEniecKHH  K03(p4)HnHeHT   ax = -^—^^'   rfle      Go   ecTb 

Go 
nanyqeHHaji no pe3yjibTaTaM npoeKTHO-MaccoBoro pememifl HanajibHaH 
Macca cnycKaeMoro annapaTa). Mcnojib30BaHHe o6o6meHHoro KpnrepHfl 
JieTaöejibHocTH [11,12] no3BOJweT jsm KaiKHoro 6ajiaHCHpoBOHHoro yrjia 
aTaKH as nojiyraTb KOjiHHecTBeHHyio ToneHHyio oneHKy yaanHocTH 
npHHSToro    npoeKTHoro    pemeHHH    H    ccpopMHpoBaHHbix    napaMeTpoB 
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nepcneKTHBHoro CA. Ilpn BwnojiHeHHH oöoömeHHoro KpHTepna 
jieTaöejibHocTH fljia KaiKfloro HS HHTepecyiomnx yrjioB aTaKH (B npe#ejiax 
ÄHanasoHa Aas) MO)KHO c yßepeHHOCTbio cnnraTb, wro ccpopMHpoßaHHbie 

npoeKTHo-reoMeTpHHecKHe n aapoßHHaMHHecKHe napaMeTpw HBJüHOTCH 

B3aHMOcorjiacoBaHHWMH H peajiHsyeMWMH, a caM npoeKTHpyeMwö 
cnycKaeMMH KA cnocoÖen  BwnojiHHTb Tpe6yeMyio nejieByio aa^a^y. 

BaacHenniHM aTanoM MeTOfloJiorHH öajuiHCTHHecKoro npoeKTHpoBaHira 
nepcneKTHBHoro cnycKaeMoro KA HBjiaeTca cpopMHpoBaHHe peajiH3yeMbix 
npoeKTHO-öajiJiHCTHHecKHX riapaMeTpoB annapaTa, no3BOji5iioiii,HX 
KaK BbinojiHHTb nocxaBjieHH^io qejieByio 3aAany, TaK H o6ecneHHTb B 

nponecce cHH5KeHHH CA B aTMoc(pepe yaoBjieTBOpeHHe Been coBOKynHocTH 
orpamraeHHÖ, npejKUe Bcero, orpaHHMeHHH, CBaraaHHbix c TeMnepaTypHbiM 
H neperpy30HHWM pejKHMaMH. BwnojiHeHHe AaHHOH 3amxm 
ocymecTBjiHeTCH c noMombio öajuiHCTHraecKoro MOAejiHpOBamra flBKDKeHHH 
cnycKaeMoro KA, no3Boji5Homero o^HOBpeMeHHo CHHTe3HpoBaTb 
peajiH3yeMyio nporpaMMy ynpaBjieHHH annapaTOM       H 

(popMHpOBaTb peadH3yeMyip TpaeKTopHio cHHJKeHHfl CA äJW ocymecTBJieHHfl 
TO^HOTO npHJieTa B TpeßyeMyio reorpacpHMecKyio TOHKy. 

B nponecce cHHxe3HpoBaHHH peajiH3yeMOH nporpaMMbi ynpaBjieHtra 
annapara H cpopMHpoBaHH« peajiH3yeMOH TpaeKTopHH CHHHceHira CA 
aojDKHbi  SbiTb  6e3ycjioBHO  BbinojiHeHbi  Bce  orpaHHMeHHH,   cBH3aHHbie  c 
ÄOnyCTHMbIM    peiKHMOM    TOpMOJKeHHH    H    yCJIOBHHMM    (pyHKHHOHHpOBaHHH 
annapaTa [10,14]. CjieayeT yxaaaTb, mo cnycKaeMMH KA öecKpbuion 
KOHcpHrypaHHH ynpaBJiiieTca B nponecce CHßDKeHHfl B aTMOCCpepe 3a cneT 
H3MeHeHHH yTJia Kpena y (npn STOM annapaT "3acTa6HjiH3HpoBaH" Ha 

Tpe6yeMOM öajiaHCHpoBOHHOM yrjie aTaKH   as )• 

Ba30BbiMH orpaHjrqeHJMMH B ajiropHTMe pemeHH« flBjimoTCu - 
o^HOCTopoHHee orpaHHHeHHe no MaKCHMajibHO-flonycTHMOH paBHOBecHOH 

paflnanHOHHOH      TeMnepaType    (T^)max B      xapaKTepHofi TOHKe Ha 

HaBeTpeHHofi noBepxHocTH annapaTa H ßBycTopoHHee orpaHHHeHHe 
no neperpy3Ke (ns)min < ns < (n2)max. IlpH OTOM BBeaeHHe orpamraeHHa 
no MHHHMajibHo-flonycTHMOH neperpy3Ke rapaHTHpyeT "HeBWJieT" 
cnycKaeMoro KA 3a npe^ejibi aTMoccpepw (HTO BecbMa cymecTBeHHo npn 
RBWKemm annapaTa B6JIH3H Bepmeö rpaHHnw KopHAOpa Bxo^a). 

CHHTe3HpoBaHHe 3aKOHa ynpaBjieHH« y(ti) = y; (B TeKymnfi 
MOMeHT BpeMeHH tj, i=l, ..., n) K (popMHpoßaHHe BeKTopa COCTOäHHA KA 
Ha 3TOT ace MOMCHT BpeMeHH 6a3HpyeTCH Ha Hcnojib30BaHHH cnenHajibHoro 
SjioKa nporao3HpoBaHH« [10], B KOTOPOM "nponrpwBaioTCH" H 

"oueHHBaroTCJi" B03MO>KHbie BapnaHTbi TeKymero ynpaBJiemra (c 
o6ü3aTejibHMM KOHTpojieM BbinojiHeHHH yKa3aHHbix Bbime orpaHHHeHHH). 
AjiropHTMHHecKH nporH03HpoBaHHe ßBiuKeHHfl cnycKaeMoro KA 
ocyinecTBJiHeTca npn ncnojib30BaHHH BTOpofi CHCTCMM ypaBHeHnn 
3BH>KeHH5i annapaTa (na HHTepBajie nporH03HpoBaHH5i, paBHOM 100 inaraM 
HHTerpHpoBaHHH no nepBOH OCHOBHOH cncTeMe), npHHeM o6ecne*iHBaeTCfl 
nporH03HpyeMaa oneHKa Bcex flonycTHMbix 3HaMeHHH yrjra KpeHa y; c 
nocjieayioinHM   aHajiH30M   H   Bbi6opoM   Haroiymiero   3Ha*iemra   yrjia  y*. 
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HaöaeHHoe TaKHM o6pa30M 3Ha*ieHHe ynpaBjierara (yrna KpeHa y;), 

oTBe^aiomee MHHHMajibHOMy 3Ha<ieHHio TeMneparypbi (Tw)min , 3areM 
Hcnojib3yeTC5i B OCHOBHOH (nepBoii) CHCTeMe ypaBHemiH äBIDKCHUH KA 
TOjibKO Ha TeKymeM niare pemetiHa (ao MOMeHTa BpeMeHH ti+i); 3axeM 
nponesypa öwcTporo nporao3HpoBaHH5i H noncKa HOBOTO 3HaneHH5i yrjia 
KpeHa (Yi+i)* noBTopaexca. 

Cjie^yeT OTMeTHTb, HTO AJIH noBbimeHHfl 6bicTpOÄeHCTBHH onncaHHoro 
ajiropHTMa (popMHpoBaHHH 3aKoea ynpaBjieHHH y(t) H cHHTe3a peajiroyeMOH 
HOMHHajIbHOH   TpaeKTOpHH    CHEDK6HH5I    CHyCKaeMOrO    KA       HCnOJIb3yK>TC5I 
HOBbie aHajiHTEraecKHe cooTHomemw [15,16], npexfle Bcero, B 6jioKe 
nporH03HpoBamra  BTOpoii  cHcreMU ypaBHeHHH  aBHxeHHü        annapaTa. 
OTJIH^HTejlbHOH        OCo6eHHOCTbK)        HOBOTO        MeTO#a        IIpOrH03HpOBaHHfl 
ÄBKaceHHa cnycKaeMoro KA «BjiaeTca sHaHHTejibHoe coKpamemie 
npoHeccopHoro BpeMeHH pacneTOB npn coxpaHeHHH TpeöyeMOH 
TOTOOCTH pemeHHH (B cpaBHeHHH c penieHHeM, nojrynaeMbiM nyreM 
MHC^eHHoro HHTerpHpoßaHHH ypaBHeHHÖ flBHxeHHH annapaTa). 

CPABHHTEJIbHLIH   TEIUIOBECOBOM  AHAJIH3 
B03BPAII]AEMHX  KA    BECKPbIJIblX    KOHOHrYPAUHM 

Ha pHC.4 npHBe^eHbi [4,5] sKcnepHMeHTajibHbie 3aBHCHMOcra 
aapOÄHHaMHqecKoro     KaMecrea OT KoacpcpHnneHTa     JIOöOBOTO 
conpoTHBjieHHa äJM annapaTa cerMeHTajibHO-KOHirqecKOH 
KOHipHrypanHH, HTO y6e#HTejibHO cBHfleTejibCTByeT o BO3MOXHOCTH H/HJIH 

nejiecoo6pa3HocTH paccMOTpeHHa CA aaHHOH KOHCpnrypanHH B KanecTBe 
nepcneicTHBHoro   B03BpainaeMoro   Ha   3eMJ«o      annapaTa (   npn 
oöecneMeHHH  aapoflHHaMiraecKoro Ka^ecTBa K6 > 0.4 ). 

CpaBHHBajiHCb TpH THna cnycKaeMbix KA öecKpbuioii KOHcpHiypannH, 
Hanöojiee nojiHO H3yqeHHbie B aspo^HHaMiwecKOM oTHomeHHH, - annapaT 
c HecymHM J1060BWM TopM03HbiM iUHTOM (annapaT cerMeHTajibHO- 
KOHHraecKOH (popMbi, pHc.2) H flBa annapaTa c HecymHM KopnycoM 
(annapaT THna "KOHHHecKHH cernem" [10] H annapaT rana "KOHEwecKHÖ 
cerMeHT c HaßCTpOHKOH" (pHC.5), [5] ). 

B KanecTBe 6a30Bbix HCXOäHMX flaHHbix 6HJIH npraraTbi cjieflyiomHe 
napaMeTpw: HHCjieHHocTb sKHnaxa - 6 nejioBeK (2 nroioTa H 4 naccajKHpa); 
o6beM annapaTa W=20.2 M

3
 ; HanajibHaa Macca G0 annapaTa (nepefl 

BXOflOM B njioTHbie cjioH aTMoc<pepbi) cocTaBJiaeT 7.012 - 8.645 T , npnqeM 
MeHbmee 3HaneHHe Ha^ajibHOH Maccw annapaTa cooTBeTCTByeT 
cKopocTH Bxofla 13 KM/C , a ßanbuiee 3Ha*ieHHe Maccw - cKopocTH 17 
KM/C . 

Pa3pa6oTaHHaa fljifl peiiieHHfl yKa3aHHOH 3a,n;aMH MeToaojiormi 
a3poTepMo6ajTJiHCTHHecKoro npoeKTHposaHHH cnycKaeMoro KA 
yqHTbiBaeT pflfl cneniKpHHecKHX ocoöeHHocTeö, xapaicrepHbix TOjibKO m& 
annapafoB ranepßojiHqecKoro Bxofla - o6ecneneHHe "3axBaTa" KA 
("HeBbuieTa" annapaTa H3 aTMOccpepbi)    H    o6ecneneHHe    flonycTHMoro 
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HHTerpajibHoro    ypoBHH      AencTByromnx       Ha       aioinajK 6ojibinnx 
neperpy30K (nz)max > 6 . B KanecTBe MaKCHMajibHo-zionycTHMOH 6buia 
npHHHTa neperpy3Ka   (ns)max = 8 , a ypoBem> B03/ieHCTBHH neperpysoK Ha 
KOCMOHaBTa    KOHTpOJIHpOBaJICfl    C    nOMOIUblO    HHTerpajIbHOrO KpHTepHÜ 
nepeHocHMOcTH      neperpy30K       AO   [9,10,17], npiweM npn 
cpopMHpoBaHHH 6a30Bbix aapoTepMooajuracTKraecKHX napaMeTpoB 
Ka^Kaoro annapaTa o6ecneHHBa-jiocb MHHHMajibHo-B03Mo;>KHoe 3Ha*ieHHe 
KpHTepHH A Omin . Heo6xOflHMO OTMeTHTb, HTO npoeKTHO-reoMeTpiraecKHe 
napaMeTpw Ka:»moro H3 cpaBHHBaeMbix annapaTOB 6bijra ccpopMHpoBaHw Ha 
ocHOBe penieHHH cooTB6TCTByioEi,HX ypaBHeHHH KOHcpnrypannH (1) H npn 
BbinojiHeHHH yKa3aHHbix  npoeKTHbix  KpnTepneB. 

B nejrax oÖecneneHH» (popivrapoBaHna 6a30Bbix B3aHMOcorjiacoBaHHbix 
aapoTepMOÖajijiHCTHraecKHX   napaMeTpoB   Kaagjoro   H3   paccMarpnBaeMbix 
annapaTOB  HCnOJIb30BajICfl   KpHTepHH   "3<pCpeKTHBHOCTH  TOpMCOKeHHfl"   ST   , 
BnepBbie BBe^eHHbin B [10]: 

Kp 
ST = ^— • (5) 

cXa'Smid 

IlojiyqeHHbie jijm Ka)Kaoro Tnna annapaTa H äJI« Kaagioro 3HaHeHHH 

CKopocxH Bxoaa VBX 3aBHCHMocTH ST=f(a) H S=f(ßQ) (a - yroji 

aTaxn; ß0 - yroji Bxo^a KA B aTMoccpepy) no3Bojrajin ccpopMHpoBaTb 

ncKOMbie a3p(56ajTjiHCTHHecicHe napaMeTpw (as,K$,(T XS$), 

oöecne^HBaiomne ÄOCTEraceHne MHHHMajibHoro 3HaneHHH KpHTepna A Omin 

nepeHocHMOcTH neperpy30K. IloaTOMy CHHTe3HpoBaHHbin annapaT 
cerMeHTajibHO-KOHHHecKOH KOH(pHrypannH oÖjiaaaeT HecTaHflapTHbiMH (B 

cpaBHeHHH c CA KK "C0103") npoeKTHo-reoMeTpirqecKHMH 
napaMeTpaMH:    9C = 57° ;   0K = 35° [10]. 

Ha pnc.6 npHBo#»Tc» yKa3aHHbie 3aBHCHMocTH ST = f(a) n 
ST = f(90) fljifl paccMaTpHBaeMoro CA cerMeHTajibHo-KOHHHecKon 
KOHcpHiypannH,    Hcnojib30BaHHe   KOTOpbix nosBOJiaeT       onpe^ejiHTb 
öajiaHcnpoBOHHbiH yroji axaioi a5 H yroji Bxofla 0O , cooTBeTCTBywinne 
MHHHMajibHOMy ypoBHio AOmin HHTerpajibHoro B03flencTBHH neperpy30K 
Ha HanajibHOM yqacTKe TOpMoaceHH^ CA. 

Ha pHc.7 mKfiai 3aBHCHMOCTH OTHocHTejibHoro Beca Tenjio3amnTbi 
G       B    (pyHKnnn    OT yrjia Bxoaa    90       n    OT    3HaMeHHH KpnTepira 
SCpCpeKTHBHOCTH   TOpMCOKeHHfl   ST       npH   pa3JIHqHMX   3HaHeHHHX   CKOpOCTH 
Bxo,o;a V0 , npoflojibHon «ajrbHocTH LK aTMOccpepHoro yracTKa 
cHPüKeHiw    annapaTa      n      npn      pa3JiHHHbix MOäCJIHX ((t>i ,....,07) 
"nepeHocHMOcTH"  neperpy30K. 

npHBezieHHbie rpacpHraecKHe saBHCHMocra nocTpoeHbi no pe3yjibTaTaM 
pemeHiM 3a^a^H TennoBecoBOH TpaeKTopHofi onTHMH3annH [14] c 
MHHHMH3anneH Beca G Tenjio3ainnTHoro naKeTa B xapaKTepHon TOHKQ 

Ha HaBeTpeHHon noBepxHocra CA paccMaTpnBaeMofi cemeHTajibHo- 
KOHHHecKon  KOHcpHrypannn.     AHajTortraHbie  rpacpmecKHe  3aBHCHMOcTH 
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nojiyqeHH   TaiOKe   H   wra   jipyx   flpyrax   paccMarpHBaeMbix   annapaTOB. 
HeoÖXOÄHMO   OTMeTHTb,   HTO   HCnOJIb3yeMbie   aHaJIHTHraeCKHC   COOTHOKieHH» 
[14] flJM onpeflejieHH« Beca G ocHOBMBaioTCfl Ha pesyjibraTax 
(pyHflaMeHTajibHbix HccjieflOBanHH B oOJiacra jiynHCTO-KOHBeKTHBHoro 
TeiuiooÖMeHa  cnycicaeMbix annapaTOB [13]. 

B Ta6ji.l   ana   Ka>Kn,oro   H3   paccMarpHBaeMbix   B03BpamaeMbix KA 
npHBO/IilTCil CCpOpMHpOBaHHbie 3HaHeHH5I MaKCHMajIbHOrO 
aapoÄHHaMHHecKoro   Kanec-rea Kmax , 6ajiaHCHpoBO*moro yrjia aTaKH 
(a)Kmax (cooTBeTCTByiomero Ka^ecTBy Kmax ), 3HaHemra KpHTepHfl 
scpcpeKTHBHocTH TopMoaceHHH ST (TaiOKe cooTBeTCTBjTomero KanecTBy Kmax 

), flHana30H H3MeHemra aspo^HHaMiwecKoro KaqecTBa KP 

(cooTBCTCTByiomHH onTHMajibHOMy peajiH3yeMOMy #Hana30Hy H3MeHemra 
KpHTepiM scpcpeKTHBHOcra TopMOJKeHH» ST = 0.020-0.035) H ßyian&3ou 
H3MeHeHHH 6ajiaHCHpc>BO'iHoro yrjia aTaKH a6 (raioKe cooTBeTCTByiomHH 
onTMMajibHOMy peajiroyeMOMy flHana30Hy H3MeHeHHH KpHrepira 
3(p(peKTHBHOCTH   TOpMOSCeHMH    ST = 0.020-0.035). 

HaÖÄeHHbie TaKHM o6pa30M 6a30Bbie a3po6ajiJiHCTHqecKHe napaMexpw 
cnycxaeMoro   KA      Hcnojib30Bajracb      3aTeM äJM      cpopMHpoBaHHfl 
peajiH3yeMofi HOMHHajibHOH nporpaMMbi   ynpaBJieHHfl    y (t)       H 

TpaeKTopHH CHiDKeHHH annapara no o6ecne*ieHHK> BbinojmeHira KOHeMHoro 
ycjioBHfl - Tpe6yeMoro 3HaneHHS upoflojibHOH flajibHocTH LK aTMoccpepHoro 
yqacTKa cnycKa ( LK = 3000-5000 KM ). 

SAKJIIOHEHHE 

Ha pHc.8 npe/jcTaBjieHbi HToroBbie pe3yjibTaTbi npoBeaeHHoro 
cpaBHHTejibHoro TeiuioBecoBoro aHajiH3a rpex nepcneKTHBHbix 
B03BpainaeMbix Ha 3eMjno KA 6ecKpbuiwx KOHcpHrypanHH, npiroeM 
rpa^nqecKHe pe3yjibTaTbi B npaBofi nacra    Ha pHC.8    oraeqaioT cjiynaio 
HCnOJIb30BaHH»   KpHTepHa   3(pCpeKTHBHOCTH   TOpMOJKeHHfl      ST      (5)       npn 
onpezie.neHHH 6a30Bbix npoeKTHO-ÖajiJiHCTHHecKHX H aspo^HHaMBraecKHx 
napaMeTpoB Ka>Kznoro H3 annapaTOB, a rpa<pHHecKHe pe3yjibTaTbi B jieBon 
nacTH   pHc.8   -     cjiynaio   Heiacnojib30BaHHH   KpHTeppra scpcpeKTHBHocTH 
TOpMOaceHHH ST . 
OCHOBHWM        HTOrOBbIM       pe3yjIbTaTOM        npOBefleHHblX HCCJieflOBaHHH 
HBHJTCH BbiBozi, o       KOHKypeHTocnoco6HocTH   cnycKaeMoro    KA 
cerMeHTajibHo-KOHHHecKOH     KOH<pnrypau;HH B cpaBHeHHH c 
paccMOTpeHHbiMH annapaTaMH KOHcpHrypanHH "HecyiuHH Kopnyc"(no 
KpHTepHK) MHHHMajIbHOH noTpe6Hoii Maccw T3II B xapaKTepHOH TO^Ke Ha 
noBepxHocTH annapaTa). HeoSxonHMO oco6o noflqepKHyrb, HTO yKa3aHHbiH 
BWBO/I nojiyieH npH     KoppejcmoM     cpopMHpoBaHHH     6a30Bbix 
a3poTepMo6ajijiHCTHHecKHX       napaMeTpoB        cnycKaeMoro        KA        (c 
HCnOJIb30BaHHeM KpHTepHH "3(p(peKTHBHOCTH TOpMOXeHH«" ST) H npH 
KOppeKTHOM peiUOHHH 3aii,aHH TpaeKTOpHOH     TenjIOBeCOBOH     OnTHMH3anHH 
ÄBSDKeHHH  KA B aTMOccpepe. 
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Aerotkermoballistic     Forming     of     Return       on       Earth    Manned 
Space     Vehicle      of      Martian     Expedition      Complex 

N.M. Ivanov, M.N. Kazakov, A.N.Rumynskiy, V.G. Sobolevskiy 

The paper presents materials on development of a future 
manned returned space vehicle included into a complex for 
the Martian mission. The basic points of the developed 
aerothermodynamic and flight dynamic method for designing 
of the unwinged returned vehicle performing an entry to the 
Earth atmosphere at hyperbolic velocities are presented. The 
results of the comparative thermal and mass analysis are given 
for three unwinged returned vehicles and for the entry 
velocities 13-17 km/s, longitudinal ranges of descent 3000- 
5000 km (providing the accuracy of landing within 1 km), 
satisfying the temperature constraint at a characteristic point 
on the windward surface of the vehicle and also providing 
admissible g-loads for the crew (taking into account the 
'withstandabiUty' factor). 

INTRODUCTION 

During the last years one of the most important directions of modern 
cosmonautics - the interplanetary Martian missions with a return to the 
Earth has obtained a new development. First of all it is connected with the 
announced program of Mars explorations with automatic and manned 
vehicles for the period till 2015. 

This direction was developed rather intensively in 60-th years [6- 
10,17,18] at the initial phase of manned space explorations but then the 
associated studies and design works were stopped due to different political, 
economical and technological reasons. The comprehensive studies conducted 
at that time in all important directions of implementation of the 
interplanetary Martian mission with a return to the Earth produced the 
fundamental for the applied cosmonautics results that are still significant at 
the present time. 

It was found that in order to perform a 'capture' of the vehicle by the 
Earth atmosphere and to satisfy the admissible thermal and load factor 
constraints on the descent trajectory one of the most important design flight 
dynamic tasks is to find the minimally sufficient available lift to drag ratio 
(Kp)min for studied return vehicle of any configuration. One of results of the 
conducted studies was that for the future unwinged vehicles it is necessary to 
provide (Kp)min not less than 0.4 [6]. This result lead to a need to consider 
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Figure   1 

It should be noted that the choice of a shape (configuration) of RV was 
considered at that time as one of the most important design tasks since the 
required mass of the RV thermal protection coating was estimated as »40% of 
the total RV mass. Then the main task during choice of the RV configuration 
was to minimize the total required mass of the vehicle's thermal protection 
coating (also satisfying all imposed constraints and conditions of landing in a 
given area) [10,14]. 

BASIC POINTS OF AEROTHERMODYNAMIC AND FLIGHT 
DYNAMIC DESIGNING OF RETURN VEHICLE. 

At the present time an important task of the space technology for the 
manned missions is to provide an accurate landing of the return vehicle in 
any given area of the Earth surface, i.e. to provide a highly accurate landing 
(within a circle of 1 km in diameter) of the vehicles returned from the Earth 
surface [1]; to provide an accurate landing of the interplanetary vehicles in a 
give area of the Earth or other explored planet (fot example Mars) [3]. 

In order to develop a successful (in technical and economical respects) 
return vehicle of any configuration and to do it quickly it is necessary to 
form the mutually coordinated and technically feasible geometry, flight 
dynamic and aerothermodynamic parameters of the return vehicle at the 
initial phase of a design work [1-4]. This approach to the comprehensive 
designing of the vehicle guarantees obtaining of noncontradictory and feasible 
technical characteristics of the vehicle and facilitates further successful 
detailed designing. 

The aerothermodynamic and flight dynamic designing of a future 
returned space vehicle is a development of mutually agreed basic flight- 
dynamic, aerothermodynamic and geometry parameters of the vehicle, which 
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candidate return vehicles of non standard (for that period of time) 
configurations - vehicles of the 'conical segment' class [5, 10, 18], biconical 
configuration [18], segmeetal-conical configuration [10] (different by its 
geometry shape from the Soyuz and Appolo configurations [18]) and many 
other original configurations. 

The longitudinal range LLONG °f the atmospheric descent phase belongs 
to important initial parameters characterizing a relative position of the 
required area of landing and phase position of the vehicle at the entry point 
(or basic parameters of the approach hyperbola). It was established that for 
an arbitrary specification of the LLONO range the direct landing of the return 
vehicle (without exiting out of the atmosphere) may not be provided. Then in 
order to provide the direct landing of the return vehicle on the USSR 
territory the longitudinal range LL0NG was taken within the interval 3000- 
5000 km, and the most important obtained result [7,10] is that a necessary 
condition of landing in a required area of the USSR territory (at the latitude 
50° N) is a nonpositivity of the initial declination angle on the infinity 8,»<0 
(fig. I),  moreover 

the angle 8«, characterizes a position of the asymptote of the vehicle's 
approach hyperbola. For the unfavorable combination of the initial 
parameters V* and 8«, (first of all for the values 800>0) the direct landing of 
the return vehicle is not always possible and so it is necessary to take into 
account the alternative way of the orbital landing (with preliminary insertion 
of the vehicle to the Earth orbit), 

The safe landing of the manned return vehicle requires to take into 
account and solve the problem of an admissible load factor profile that is first 
of all connected with the account of an admissible duration of high g-loads 
acting on the crew at the atmospheric phase [17]. This problem of the g-load 
'withstandability' was formalized with the analytic relation [9] that takes into 
account an integral effect of g-loads during the atmospheric deceleration 
phase and allows to design the required descent trajectory and guidance law 
with an obligatory fulfillment of the final 'withstandability' condition OFIN<0. 
The use of the given criterion allows to provide a flight dynamic solution of 
the problem of the return vehicle safe landing in the required area of the 
USSR [10]. 
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feasibility is verified during the flight dynamic modeling of the return vehicle 
motion on every phase of a flight. 

The initial stage of the flight dynamic designing of RV of a specified 
configuration is to develop the basic initial data for performing an analysis on 
finding the feasible geometry and aerodynamic parameters of the vehicle to 
be developed. The basic initial data for the manned unwinged return vehicle 
of a segmental-conical configuration (Fig. 2) are: number of crewmembers, 
parameters of the configuration describing the vehicle's geometry shape 
(parameters 9C 9k ?*), a volume W (corresponding to the external shape of the 
vehicle) or a characteristic linear dimension of RV, an initial mass G0 (or a 
payload mass Gpl) of the developed RV. 

A 0, 

4 j— 

lk 

, L 

D 

Characteristic parameters of configuration 

j       XHk/D ec ev 
1         0.7O J0.0 20,0 

Figure  2 

The determination of the basic geometry dimensions of the developed 
RV is done using the so called configuration equation [10,11]: 

W = CfOD3, 

where   W is a vehicle's volume,  m  ; 

D is a characteristic linear size of the vehicle,  m 

(1) 
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for the RV of the considered shape  D is a diameter of the head 
spherical segment (Fig.2); 

C, is a shape coefficient functionally depending on initial characteristic 
parameters of the configuration. 

For the RV of a considered type the configuration equation is the 
following: 

Cf = 
24 

(l-sinec)(2 + sin9c)    1-B3
k 2, , 

(~, 7a \ a      +T~^ + B^(2 + sineJcose,, (l + sin0c)cos0c        tan9k 
kV k/        k (2) 

where 

[Fk=2Xk-tan9k, 

[Bk=Fk(l + sin0k) (3) 

It should be noted that for each RV of a given geometry shape the 
corresponding analytic relation can be obtained. 

Basing on equations (l)-(3) all geometry parameters of the considered 
RV can be obtained uniquely that allow to calculate the 'maximum section 
area' parameter Smid (necessary for the further analysis of the flight dynamic 
parameters) and the design parameter [4,11]: 

kyol    - 
4.836-W^ 

(4) 

characterizing a level of the vehicle's design quality, here Ss is a full 
surface of the vehicle calculated by the obtained geometric parameters. 

It should be mentioned that in a case of the obligatory satisfaction of a 
design constraint on the maximum admissible diameter D (the requirement 
on the RV placement in a launcher payload module) the configuration 
equation (1) gives a unique value of the vehicle's volume W. Also an 
additional constraint on the large-size loads (D<4.1m) limits an available 
volume of the vehicle: W = 22.5m3. 

The main feature in an analysis of the available aerodynamic parameters 
of the RV to be developed is to find a range of the trim angle of attack a5 for 
which the vehicle has the longitudinal static stability during the atmospheric 
deceleration. As it is known a criterion of the longitudinal static stability of 

any flying vehicle is to satisfy the condition -^ = m" <0  at m ,=0   The 
dot zl     ' 

profiles for the available lift to drag ratio Kp = f(m*) and trim angle of attack 
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<x5 = f(K^m£) can be obtained for each RV and for different values of the 

center of gravity coordinate xt (fig.3). The use of these graphic profiles allow 
to determine not only an available range of the trim angle of attack Aa8 but 
also a range of the available lift to drag ratio [2,4,5]. 

J^MI Kf fy        %-» <*-*? 

ot,<itg. 

ftS      CtS    M    ftJ $     ft*     <$~ ft* 

Figure  3 

A process of obtaining the graphic profiles Kp=f(m£) and 

a5 =f(K m£) (fig.3) requires rather long computations. In order to be able 

to estimate quickly a flight capacities or 

"flightability" of the developed vehicle (at an admissible trim angle of 
attack   as)   a   new   analytic   relations   [11,12]   have   been   obtained.   The 
generalized   flightability   criterion   combines   both   the   design   geometric, 
aerodynamic parameters and basic flight dynamic parameters of RV (the lift 

C   -S 
to drag ratio Kg and ballistic coefficient ox =   "    mid , where G0 is an initial 

design mass of RV). The use of the generalized flightability criterion [11,12] 
allow to obtain a quantitative estimation of a quality of the adopted design 
solution of RV for each trim angle of attack a6. If the generalized flightability 
criterion is satisfied for each of candidate trim angles of attack (within the 
range Aas) it can be stated that the obtained design geometry and 
aerodynamic parameters are mutually coordinated and feasible, and the 
developed RV can accomplish the required task. 

An important stage of the flight dynamic designing of the developing 
RV is to find such flight dynamic parameters of the vehicle that allow both to 
accomplish a formulated task and to satisfy all constraints during descent in 
the atmosphere, in particular the constraints connected with the thermal and 
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load factor profiles. This task is accomplished using the flight dynamic 
modeling of the RV motion that allow at the same time to produce a 
program of the vehicle's guidance and a trajectory of the RV descent to a 
required geographic point. 

All constraints connected with the admissible deceleration profile and 
conditions of the vehicle's functioning [10,14] are to be taken into account in 
the guidance program and during analysis of the RV descent trajectory. It 
should be mentioned that the RV of an unwinged configuration is controlled 
during motion in the atmosphere by variation of its bank angle y (here the 
vehicle is stabilized on a required trim angle of attack as). 

The basic constraints in the algorithm of solution are a one side 
limitation on the maximum admissible equilibrium radiation temperature 
(Tw)max in a characteristic point on the head surface of the vehicle and a two 

side limitation on the load factor (ny)    <nT <(ny)    . Here the limitation 
V    w min A        V    A / max 

on the minimum admissible load factor is introduced to guarantee a non-exit 
of RV out of the atmosphere that is especially critical when the vehicle is 
moving near an upper border of the entry corridor. 

The generation of the guidance law y(ti) = y{ (at a current moment in 
time ti, i=l,...,n) and of the RV state vector at trie same moment in time is 
based on a special prediction module [10] which predicts and estimates 
possible variants of the current guidance (with necessary checking of the 
mentioned above constraints). From the algorithmic point of view the RV 
motion prediction is done using the second system of the equations of 
motion (on the prediction interval that is equal to 100 integration steps of 
the first basic system), and here a predicted estimation of all admissible 
values of the bank angle y; is provided with further analysis and choice of the 
best value of the angle y{\ The obtained guidance (value of the angle y*) 
corresponding to the minimum temperature value (T* )     is then used in the 

^    w / min 

basic (first) system of RV motion equations only on the current step of 
solution (till the moment ti+1), then the procedure of the quick prediction 
and choice of a new bank angle value (yi+1)* is repeated. 

It should be noted that in order to increase a speed of the described 
algorithm for obtaining the guidance law y(t) and nominal descent trajectory 
of RV the new analytic relations [15,16] are applied, first of all in the 
prediction module of the second system of the vehicle's equations of motion. 
A distinctive feature of the new method of RV motion prediction is a 
substantial reduction in computation time while keeping a required accuracy 
of solution (in comparison with the solution obtained using the numerical 
integration of the motion equations). 

V.Sobolevskiy 



COMPARATIVE THERMAL AND MASS ANALYSIS OF RETURNED 
UNWINGED CONFIGURATIONS 

Fig. 4 shows 14,5] the experimental dependencies of the lift to drag ratio 
with respect to the drag coefficient for the segmental-conical vehicle that 
demonstrate a possibility and/or appropriateness to consider RV of the given 
configuration as a promising vehicle for return to the Earth (if the lift to drag 
ratio K«>0.4 is provided). 

Three types of RV of the unwinged configuration that are the most 
studied aerodynamically have been compared: a vehicle with the head thermal 
protection screen (the segmental-conical vehicle, fig.3) and two lifting body 
vehicles (the 'conical segment' type vehicle [10] and the conical segment 
with a superstructure' type vehicle [5], fig.5). 

The following parameters have been taken as the basic initial data: the 
number of crewmembers is 6 (2 pilots and 4 passengers), the vehicle's volume 
W=20.2 m3, the initial mass of the vehicle before its entry to the atmosphere 
is 7.012-8.645 t, here the lowest value of the initial mass corresponds to the 
entry velocity 13 km/s and the highest one corresponds to the entry velocity 
17 km/s. 

W«=6.o ft»7g',   AKXQ.9-0.? 

Figure  4 
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Figure   5 

The methodology of the aerothermodynamic and flight dynamic 
designing of RV developed for the solution of the given problem has some 
specific features typical only to the hyperbolic entry vehicles: to provide a 
'capture' of the vehicle (non-exit of RV out of the atmosphere) and an 
admissible integral level of high g-loads acting on a crew (n£)mflX>6. The load 
factor (ns)mfDj=8 was taken as a maximum admissible limit and a level of the 
load factor influence on the crew was estimated using the integral criterion of 
the load factor withstandability A® [9,10,17], and here the minimum value 
A*min was provided during analysis of the basic aerothermodynamic and flight 
dynamic parameters of each vehicle. It should be mentioned that the design 
geometry parameters for each of the compared vehicles were obtained basing 
on solution of the corresponding configuration equations (1) while satisfying 
the given design criteria. 

In order to obtain basic mutually coordinated aerothermodynamic and 
flight dynamic parameters the criterion of 'drag efficiency' ST (the first time 
introduced in [10]) was applied for each of the considered vehicles: 

c KP T   cv  s mid 
(5) 

The profiles ST=f(oc) and ST==f(G0) obtained for each vehicle and each 
value of the entry velocity Ven (here a is the angle of attack and 60 is the 
entry angle) allow to form the required flight dynamic parameters (cc8, K8, ax, 
60) that provide the minimum value of the load factor withstandability 
criterion AOmin. Thus the analyzed segmental-conical vehicle has the non- 
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Standard (in comparison with the Soyuz RV) design geometry parameters: 

ec=57°, ek=35° [10]. 

Fig. 6 presents the mentioned profiles ST =f(a) and ST=f(90) for the 
considered vehicle of the segmental-conical configuration. Using these 
profiles it is possible to determine the trim angle of attack cc6 and entry angle 
90 corresponding to a minimum level of the integral load factor effect on the 
inital phase of the RV deceleration A<X>min. 

ftp V^r *e.f*£. 

J-,*»t 

aWmi'a 

Figure 6 

Fig. 7 gives a relative mass of the thermal protection G as a function of 
the entry angle 60 and values of the drag efficiency criterion ST at different 
values of the entry velocity V0, longitudinal range of the atmospheric phase 
LL0NG and different models (<$! , <J>7) of the load factor withstandabihty. 
The given graphic profiles were built solving the thermal and mass trajectory 
optimization problem [14] minimizing the thermal protection weight G at 
the characteristic point of the windward surface of the considered segmental- 
conical configuration. The similar profiles were obtained also for the other 
considered vehicles. It should be noted that the applied analytic relations [14] 
for determination of the mass G are based on the results of fundamental 
studies in the area of the radiation and convective heat exchange of entry 
vehicles [13]. 
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Figure  7 

Table 1 contains for each of the considered return vehicles the obtained 
values of the maximum lift to drag ratio Kmax, trim angle of attack (a)Kmax 

corresponding to Kmax, values of the drag efficiency criterion ST (also 
corresponding to Kmax), range of the lift to drag ratio Kp variation 
(corresponding to the optimum available range of the drag efficiency criterion 
ST=0.020-0.035) and range of the trim angle of attack as variation (also 
corresponding to the optimum available range of the drag efficiency criterion 
ST=0.020-0.035). 

Shape ^max x Kmax (ST)Kmax Range ST=0.020-0.035 

Range Kp Range ocQ 

( D 0.725 50° 0.075 0.40-0.55 27.0°-36.0° 

0.565 15° 0.146 0.43-0.58 51.0°-41.0° 
^■"•"="=3=~J 

-^-p-             " 

1.525 0° 0.340 0.43-0.62 33.0°-26.0° 
^*=°=te===—___; 

Table   1 

The obtained in such a way flight dynamic parameters of RV was used 
then to form the nominal guidance profile y(t) and descent trajectory to 
satisfy a terminal condition to provide a longitudinal range of the 
atmospheric phase LLQNG^3000-5000 km. 

V.Sobolevskiy 



CONCLUSION 

Fi« 8 presents the final results of the comparative thermal and weight 
analysiseperformed for the three RV of unwinged configurations, and graphs 
In the right part of Fig. 8 corresponds to the case when the drag efficiency 
criterion ST (5) has been applied in determination of the basic flight^dynamic 
and aerodynamic parameters for each vehicle and graphs in the left part of 
Fig. 8 corresponds to the case when this criterion has not been applied. 
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Figure  8 

The main result of the performed studies is a conclusion about the 
competitiveness of the segmental-conical configuration RV in comparison 
with the considered lifting body vehicles (using the criterion of the minimum 
required mass of the thermal protection coating in the characteristic point ot 
the vehicle's surface). It should be especially stressed that this conclusion is 
done at the accurate forming of the basic aerothermodynamic and flight 
dynamic parameters of RV (using the drag efficiency criterion ST) and at 
accurate solution of the trajectory thermal/mass optimization problem during 
the RV motion in the atmosphere. 
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OnTHMroaiiHH opÖHTajibHoii CTpyKTypbl CHCTeMbi ivia.ihix 
cnyTHHKOB 'ToHeq" 

B. EapTeHeB, B. KyabiMOB, B. IIoflOJiaKHH, 

J\. IIlMaKOB, A. FpeHKoceeB, O. rpacj)o,n;aTCKHH 

HnO npHKJiaflHOH MexaiuiKH HM. aKa^eMHKa M.<I>. PeinerHeBa 

662990 r. 5Kejie3HoropcK, KpacHoapcKoro Kpaa, yn. JleHHHa, 52 

OaKc: (39197) 236 94 

AHHOTailHH 

KocMHHecKHe cHCTeMH CB33H, C03,n;aBaeMbie Ha 6a3e MajioraSapHTHtix (Mairwx) 
KA, TpeöyiOT peineHHa 3ap,sn onTHMraauHH H Bbi6opa opÖHTajibHoii CTpyiaypbi, a 
TaioKe ee noAnep^aiiHa Ha .zyiHTenbHOM cpoKe aierHBHoro cymecTBOBaHHa KA - pp 7- 
10 jieT. CHCTeMa CB«3H aoJDKHa oöecnennBaTb rnoöajibHyio H HenpepbiBHyio CB«3B JUIH 

noTpeÖHTejieä c KOMnaKXHoft H AemeBon CBa3Hon annapaTypofi. B HaeroameM 
aoKJia^e npHBo^aTca pe3yjibTaTbi nccjieflOBaHHA , npoBe^enHbix B HIIO nprncjiaflHon 
MexaHHKH no OnTHMH3aHHH Op6HTaitbHOft CTpyKTypbl pOCCHHCKOH HH3KOOp6HTajIbHOH 
KOCMH^ecKOH CHCTeMbi CB33H 'Tonen", pa3pa6oTaHHon no 3aKa3y PKA B paMKax 
OeAepanbHOH KOCMHHCCKOH nporpaMMbi POCCHHCKOH Oe^epannH. 

B aoKJiazie nocTaBjieHbi H peraenbi 3a^ann Bbi6opa op6nTajibHOH rpynnnpoBKH 
KA CHCTeMbi 'ToHen". OiiTHMH3anna npoBo/ninacb no KpnTepnio KonnnecTBa KA B 

opÖHTajibHOH rpynnnpoBice npH najiHHHH orpaHnneHHH na BbicoTy opÖHT , Ha 
opÖHTajibHoe HaKjioHeHHe, Ha B03M0>KHbie cxeMbi BbiBe#eHHa KA , Ha KOJIHHCCTBO KA 
BHBOAHMHX O^HHM HOCHTejieM H Ha yroji MecTa paöoTbi noTpeÖHTejia. Jlynmaa 
opÖHTanbHaa CTpyKTypa aanee HCCJie^oBajiacb Ha yeroHHHBOCTb, T.e. Ha OTKjioHeHHe c 
TeneHHeM BpeMenn OT tmeajibHOH CTpyKTypbl H3-3a SBOJHOHHH napaMeTpoB opÖHT. 
Hccjie^oBaHna yeroHHHBOCTH noKa3ajiH , HTO CHCTeMa KA «ojiacHa 6biTb 
KoppeicrapyeMOH no #ByM napaMeTpaM:   no nepnouy   o6paineHna H no HaKnoHeHHio 
Op6HTbI. 

B HTore 6bina BbiGpaHa op6nTajibHaa rpynnnpoBica cjie/ryiomeH CTpyKTypbl: 6 
opÖHTajibHbix njiocKOCTen c naKJioneHHeM 82°, B Ka)*c,n,OH HJIOCKOCTH no BoceMb KA 
nepe3 45° Ha BbicoTe 1500 KM, Bee KA B o/nron op6HTajibHOH nnocKocTn CMeineHbi no 
apryMeHTy mnpOTbi OTHOCHTejibHO KA coceflHeft op6HTajibnoH nnocKoera Ha 22,5° . 
J\w noa/i,epa(aHHa yeroHHHBOCTH oponrajibHOH CTpyiaypbi TpeGyerca npoBO^HTb 
HananbHyK) KoppeKu;HK> pnn yerpaHeHHa norpeniHOCTen BbiBeaeHHa KA HOCHTeneM H 

^ajiee Ha cpoKe aKTHBHoro cymecTBOBaHHa 7 JieT nepHo^HHecKH (O^HH pa3 B Tpn 
He,u;ejiH ) ycTpaHaTb pacxoayjeHHe CHCTeMbi no apryMeHTy innpoxei KoppeKnaefi 
nepHO/ja oöpameHHa. Oönnie 3aTpaTbi xapaKrepncraHecKOH CKopoera Heoöxo/niMOH 
ÄJia KoppeKHHH He npeBbiniaioT 22 M/C 

B. BapTeHeB 



Il0CTaJHQBKa3äSääH 

noÄ napaMCTpaMH opÖHxanbHoiä cxpyKxypbi cncxeMbi KA HJIH npocTO noa 

opönxanbHon cxpyKxypoft noHHMaexca: 
• KOJiHHecTBO opönxanbHbix nnocKocxefi (n); 
• KOJiHHecTBo KA B njiocicocTH (k); 
• cMemeHHe op6HTajibHbix nnocKoexen (no aonroxe Bocxoaamero ysjia ) flpyr 

OTHOCHTejibHO apyra (ÄQ); 
• 4>a3HpoBaHHe (paweceHHe no apryMeHxy ninpoxbi) KA Biryxpn nnocKoexn (AU ); 
• ^asnpoBaHHe (pasHecenne no apryMenry ninpoxbi) KA B pasnnHHbix nnocKocxax 

B   ÄajibHeHineM   opönxajibHyio   rpynnnpoBKy   KOCMHTOCKHX   annapaxos   öyaeM 

onpeaenaxb xaK nxk. 
PaccMOxpnM Tpe6oB3HHH K opönxanbHon rpynnnpoBKe KocMnnecKon CHCTCMH 

CBK3H 'ToHen". OHa flOJiama oÖecnennBaxb HenpepbiBHyio n rnoöanbHyio CBJBB ana 
noxpeönxenen c KOMnaKXHOÄ H aemeßon CBasHon annapaxypon. noa raoöanbHocxbio 
noHHMaexca cnocoönocxb opönxanbHon rpynnnpoBKH oöcnyacnxb noxpeönxena B 

jnoöon xoHKe SCMHOü noBepxHoexn. üoa HenpepbiBHoexbio noHHMaexca enocoÖHoexb 
opönxanbHon rpynnnpoBKH oöcnyamxb noxpeönxena B nioöon MOMCHX BpeMeHH. Ecnn 
saaaioxca 06a sxn xpeÖOBaHHa , xo ana saaann BbiÖopa opönxanbHon rpynnnpoBKH 3xo 
osHanaex, HXO noxpeÖHxenb B nioöoH xoHKe seMHon noBepxHoexn B Kamabift MOMCHX 

BpeMeHH HMeex B 30He CBoen paanoBnanMoexn xoxa 6bi oanH KA. Cneayex oxMexnxb, 
HXO xpeöoBanne HenpepbiBHOCxn aßnaexca aocxaxoHHO acecxKHM n HXOöH ero 
Bbmonnnxb npnxoanxca ncnonbSOBaxb SHannxenbHoe nncno KA B opönxanbHon 
rpynnnpoBKe. Ha npaKXHKe nacxo ne xpeÖyexca nonnaa HenpepbiBHoexb CBasn, a 
Öbmaex aocxaxoHHo HXOöH ona BbinonHanacb c BepoaxHOCxbio P öJIHSKOH K eanHHne. 
noaxoMy aanee öyayT paccMaxpnßaxbca opönxanbHbie rpynnnpoBKH , Koxopwe 
oöecneHHBarox  rnoöanbHyio  n  HenpepbiBHyio  cBa3b  c  paannHHbiMH  SHaneHnaMH 

BepoaxHocxn P . 
TpeöoBaHne Manon sHcproeMKOcxn cBa3Hon annapaxypbi osHanaex, HXO Bbicoxa 

opönx KA aonacHa öbixb MHHHManbHO BOSMOJKHOH. TpeöoBaHne rnoöanbHocxn n 
HenpepbiBHOCxn aenaex HeoöxoanMbiM yBennneHne BHCOXH H HaKnoHeHna opönx KA. 
KaK npaßnno, Bbicoxa n HaKnoHenne opönxbi Bbiönpaioxca no coBOKynHoexn 
(^aKxopoB, B xoM nncne c ynexoM Maccw KA, sHeprexnnecKnx B03MoacHOCxen 
paaHonnHHH "xepMHHan - KA", Hannnna cooxBexcrayioinero paKexoHOcnxena (PH) n 
nonnroHOB sanycKa, CXOHMOCXH sanycKa, HHxeHCHBHocxn paanannn Ha BbiöpaHHoft 
Bbicoxe, cpoKa aKXHBHoro cymecxBOBaHna KA n x.n.. Onbix paöox HnO nM noKa3an, 
HXO ana xaKHX saaan Hanöonee npneMneMa oKonoKpyroBaa opönxa BHCOXOH OKono 
1500KM. Ana sanycKa nenecooöpa3HO ncnojib30Baxb PH "POKOX", Koxopbin Moacex 
Bbmecxn Ha sxy Bbicoxy ao 4-x KA oaHOBpeMeHHo ( Macca KA He öonee 250 Kr). 

Ana oöecneneHna ycxonnnBOcxn opönxanbHon cxpyKxypbi KA aon>KHbi HMexb 
oanHaKOBbie cpeaHne snaneHna cneayiomnx sneMenroß: öonbinon nonyocn (a), 
SKcneHxpncnxexa (e) n HaKnoHeHna (/). B SXOM cnynae Bce opönxanbHbie nnocKOcxn 
npeneccnpyiox c oanHaKOBon cKopocxbio n B oaHy H xy >Ke cxopoHy, xaK HXO 

BsanMHoe nonoKeHne nnocKocxefi B npocxpaHCXBe Ha annxenbHbix cpoKax aKXHBHoro 

cymecxBOBaHna KA H3MeHaexca He3HannxenbHO. 
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TaKHM o6pa30M, 3a^ana Bbiöopa opÖHTajibHOH CTpyKiypbi KOCMHHCCKOH CHCTeMti 

'ToHeu" CBO^HTca K HaxoaweHHio MHHHMantbHoro HHCJia KA, oöecneHHBaiomHX 

oflHOKpaTHoe Henpep&iBHoe (c BepoaraocTbio P ) H rjio6ajibHoe noKpbiTHe , npn 
cjiejiyiOBTHX orpaHiineHHax: 

1. HOMHHaJlbHBie BBICOTbl BCeX KA paBHBI 1500 KM H y BCeX OpÖHT OflHHaKOBBie 

HOMHHaJIBHbie 3KCIi;eHTpHCHTeT H   HaKJIOHeHHe; 

2. KOJIHHeCTBO KA B KaHC/JOH nJIOCKOCTH ßOJDKHO 6bITb KpaTHO 4; 

3. HaKJIOHeHHe op6HTbi KA MoaceT npHHHMaTL 3HaneHHa 64°, 72°, 82° (TOJIBKO 

AJia 3THX HaKJiOHeHHft HMeroTca ocBoeHHbie Tpaccti BtiBefleHHa jjjia PH 
"POKOT" C KOCMOflpoMa IljjfHceHK); 

4. Rim KoppeKTHpyeMofi op6HTanBHOH CTpyKTypn pacxofl xapaKTepncTHHecKOH 

CKopocTH ne ÄOJiMcen npeBBimaTB 22 M/C , HMeHHO TaKoft 3anac oöecneHHBaeT 

njiaT(J)opMa KA 'Tonen". 

Cjie/iyeT OTMCTHTB, HTO /lamiaa 3aAana MO>KeT He HMeTB ejjHHCTBeHHoro 

pemeHHa , T.e. MoryT cymecTBOBaTb HCCKOJIBKO CTpyKTyp c 6JIH3KHMH 

xapaKTepHCTHKaMH. B BTOM cnynae HCOöXOAHMBI AonoJiHHTejibHbie KpHTepHH Bbi6opa 

H3 HeCKOJIBKHX peffleHHH ßaHHOH 3aAaHH   OflHOH OpÖHTaJlbHOH CTpyKTypBI. OjIHHM H3 

TaKHX KpHTepneB HBjiaeTca yroji MecTa noTpeÖHTejia a, npH KOTOPOM aojDKHa 

oöecneHHBaTBca  cßa3B.   ^ajiee  6y,nyT  BBejxeHBi  eine  aonoJiHHTejibHBie  KpHTepHH 

CpaBHCHHa    Op6HTaJIBHBE<    CTpyKTyp,     CBa3aHHBie    C    BpCMeHeM    OÄHflaHHa    CB33H 
noTpeÖHTejieM. 

OneHKa napaivieTpoB H xapaKTepHCTHK CBa3H pa3JiHHHBix 

OpÖHTaJIBHBIX CTpVKTVp 

/Jjia oneHKH napaMeTpoB H xapaKTepHCTHK CBa3H npoBo^HJiocB Mo^ejinpoBaHHe 

npouecca CBa3H no Been noBepxHocra 3eMJiH fljia pa3JiHHHbix op6HTajiBHbix CTpyKTyp. 

OcHOBHbie xapaKTepncTHKH cBa3H 6BIJIH nojiyneHbi nyTeM CTaTHCTHiecKoro 

MOAejiHpoBaHHa nponecca CBa3H na Been noBepxHocTH 3eMJiH. MaTeMaranecKaa 

MOßejib nponecca CBA3H, BicjHonaromaa Monejib JiBHKeHHa KA, BpameHne 3eMJiH 

BOKpyr CBoen OCH H pacnojio>KeHHe noTpe6HTejia Ha noBepxHocTH 3eMjiH , H ee 

napaMeTp&i 6BIJIH no^oöpaHbi TaKHM o6pa30M, HTOöM o6ecneHHTB TOHHOCTB 

nojiynaeMbix   xapaKTepHCTHK   B   npe^ejiax    1-3%,   HTO   no3BOjiHjio   BBMBHTB   c 

AOCTaTOHHOH HafleaCHOCTbK) OCOÖeHHOCTH OpÖHTaJIbHblX nocTpoeHHH. 

Op6HTajiBHbie      rpyniinpoBKH   ,   /uia   KOTopbix   npoBOAHJiHCb   pacneTbi   HX 

XapaKTepHCTHK  CBa3H, CTpOHJIHCb  CJICHyiOIHHM o6pa30M: 

• coce^HHe njiocKocTH CMenjeHbi OTHOCHTCJIBHO ppyr Jipyra (KpoMe nepBOH H 

nocHeAHefi) Ha BejiHHHHy MesmjiocKQCTHoro CMemeHHa (AQ), BejiHHHHa KOToporo 

npHBOflHTca B Ka>KÄOM KOHKpeTHOM cjrynae (cTpyKTypa crpoHTca TaK, HTO6BI KA 

coce^HHX nnocKocTeH KpoMe nepBOH H nocjieflHefi jiBHrajiHCB napajuiejiBHO H 3a cneT 

MeacnnocKocTHoro c^BHra HX Tpaccbi naHÖojiee 3(|)(|)eKTHBHO noKpbiBajra TeppHTopHK) 
3eMjiH); 

• 4>a3HpoBaHHe KA B HJIOCKOCTH - paBHOMepHoe (BejiHHHHa (|)a30Boro c^BHra B 

nxrocKOCTH paBHa BejiHHHHe 360/k); 

• 4>a3Hp0BaHHe KA B pa3JiHHHBix njiocKOCTax ocymecrBJiaeTca TaKHM o6pa30M, HTO 

KA B coce^HHX op6HTajibHbix njiocKOCTax CMemeHbi ,npyr OTHOCHTejibHO jjpyra Ha 

nojioBHHy BejiHHHHbi 4>a30Boro c^BHra B HJIOCKOCTH . 
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B cnyTHHKOBbix cHcxeMax xapaKTepncTHKH KaK npaBHJio cymecTBeHHO 3aBHcaT 
OT niHpoTbi pacnojioaceHHa aSoHeHxa, noaTOMy aHajiH3 3aBHCHMOCTH xapaicrepHCTHK 
CB33H OT innpoTbi 3aHHMaeT oflHO H3 ruaBHBix MecT. C nejibio onpeÄejieHHa 
3aBHCHMOCTH noKasarejieH OT innpoTbi 6HJIH BbmeaeHbi HecKOJibKO 3HaneHHH 

nrapoT:0°, 20°, 40°, 50°, 60°, 70° H 80°. 
KpHTepHeM cpaBHenna opÖHTajibHbix cTpyKTyp npn rjio6anbHOH HenpepbiBHofi 

CBK3H aßjiaeTca yroji Mecxa pa6oTbi noTpeOHTeaa fljia KOTOporo 3Ta rjio6ajibHocTb H 

HenpepbiBHOCTb ^ocraraeTca. OßHaKO o#Horo SToro KpHTepna He#ocTaTOHHO «Jia 
cpaBHeHHa opÖHTajibHbix crpyicryp. BsefleM flonojiHHTeabHbie xapaKTepncTHKH CBS3H 

no3BOJiaioiHHe cpaBHHBaTb CTpyKTypbi na pambix sTanax pasBepTbreaHHa CHCTCM: 

• BpeMa oKHflaHHa c BepoaTHOCTbio 1.0 - tJi0 (rapanrapoBaHHoe BpeMa oacn^aHHa); 

• BpeMa oacnzjaHna c BepoaTHOCTbio 0.9 -10>9; 

• BpeMa oacH^aHHa c BepoaTHOCTbio 0.8 - t0>8; 

• cpe^Hee BpeMa oacHAaHHa tcp. 
3TH    xapaKTepHCTHKH    onpcuejiaioTca    fljia    onpefleaeHHOH    mnpoTbi    H    MoryT 

HHTepnpeTHpoBaTbca KaK: 
t10   - HaH6ojibinee BpeMa oacHflaHHa KA m 100 % BO3MOKHHX noTpeÖHTejiefi «Jia 

3aAaHHOH UIHpOTbi; 
t09, t0>8     - HaHÖojibinne BpeMeHa oacH^aHHa KA H3 90% H 80%    BO3MO3KHMX 

noTpe6HTenefi #jia 3a#aHHOH mapora; 
tc - onpe^enaeT ocpeaHeiffloe no BceM BO3MO)KHBIM noTpeÖHTeaaM BpeMa oaamaHHa 

AJia aaHHOH innpoTbi. 

B Ta6ji. 1 npHBO^aTca ocHOBHbie napaMeTpbi CTpyKTyp 6x8, npn KOTopbix 
oöecne^iHBaexca HenpepbiBHoe (c BepoaTHOCTbio 1) rjio6afibHoe o6cjryacHBaHHe jiflst 

HaKJioHeHHH 90°, 82° H 72°. 
TaOJiHua 1 

HaKJioHeHHe 

90c 

82c 

72° 

MeacnaocKOCTHoe 

CMemeHne (AQ) 

32.5C 

33° 
35° 

Yroji MecTa 

14.5° 

14° 
13c 

KaK cjiepyeT H3 TaÖJi.l HaHÖojibiHHH yron MecTa oöecneHHBaeTca npn HaKJioHeHHH 90°. 
OflHaKO ffaHHoe HaKJioHeHHe ne noflxoÄHT no£ orpaHHneHHa no TpaccaM BbiBe/jeHHa H 

K TOMy ace B opÖHTajibHbix TOHKax Ha« noaiocaMH cxoflaTca HecKOJibKO KA H 

cymecTByeT BepoaraocTb HX croJiKHOBeHHa . TeM He MeHee y op6HTaabHOH CTpyKTypbi 
c #aHHbiM HaKHOHeHHeM HanjiynniHe xapaKTepncTHKH cBa3H H nosTOMy B 

ÄaubHenmeM oHa npHBOznrrca #jia cpaBHeHHa. 
B Ta6a.  2 npHBO^aTca xapaKrepncTHKH CB33H opÖHTajibHBix CTpyKTyp Jiaa 

HaKJioHeHHH 90°, 82° H 72° npn yrae MecTa a=30°. 
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TaÖJiHqa 2 

nxk 
rpaayc 

BpeMfl o>KnaaHHfl c BepojrrHOCTbio P, MUH ^cp 
P=1.0 P=0.9 P=0.8 

i=90° i=82° i=72° i=90° i=82° i=72° i=90° i=82" i=72° i=90° | i=82° |  i=72° 
3*4 0 180 179 179 119 122 132 88.2 87.6 94.4 44.1 44.1 45.1 

20 179 179 178 112 116 124 81.5 84.1 90.3 40.4 41.1 43.4 
40 151 150 161 82.4 87.9 95. 50.6 58.5 66.5 26.7 28.5 31.8 
50 95.9 111 169 49.8 57.9 49. 20.9 28.7 19.6 16.4 18.4 17.8 
60 38.9 90.3 205 17.6 18.6 28. 14.3 14.7 13.8 7.4 8.3 15.5 
70 19.6 40.1 214 9.6 11.9 56. 6.2 7.3 13.5 3.3 3.5 18.3 
80 9.5 19.6 305 2.2 6.0 120 0.7 3.1 19.6 0.5 1.8 29.5 

6*4 0 37.9 62.7 62.8 20.0 20.2 21.2 15.9 16.1 16.3 8.6 8.6 8.8 
20 37.0 52.1 35.1 18.3 18..7 18.6 15.0 15.3 15.1 8.0 8.1 7.9 
40 21.9 34.8 49.3 15.1 15.5 16.1 10.7 11.1 12.3 5.2 5.4 5.9 
50 37.6 38.8 39.7 11.0 12.8 12.6 6.6 7.7 8.6 3.5 3.9 4.1 
60 19.2 35.6 47.9 L 5-4 6.0 8.6 3.8 3.6 1.8 1.8 1.9 2.4 
70 6.9 20.1 83.8 3.3 2.9 10.9 1.9 0.3 2.6 0.8 0.9 3.6 
80 4.8 12.3 149. 0.1 1.3 18.5 0 0 6.6 0.1 0.3 9.0 

6*8 0 30.8 30.0 29.1 6.5 6.7 7.7 3.8 3.9 4.3 2.3 2.4 2.6 
20 20.7 19.7 28.0 5.0 5.2 5.1 3.1 3.3 3.2 1.6 1.6 1.6 
40 7.2 20.7 8.3 2.9 3.2 3.7 1.2 1.5 2.1 0.7 0.8 0.9 
50 19.5 5.6 19.1 1.4 1.7 2.6 0 0 0.6 0.4 0.4 0.6 
60 4.7 18.9 40.6 0 0 1.0 0 0 0 0.1 0.2 0.7 
70 0 0 63.3 0 0 1.5 0 0 0 0 0 1.6 
80 0 0 141. 0 0 6.9 0 0 0 0 0 6.0 

B Ta6ji.  3  npHBOflaTcs: xapaKTepHCTHKH CBH3H opÖHTajibHbix crpyicryp RJIS. 

HaKJiOHeHHH 90° 82° H 72° npn yrae Mecra a=15°. 

TaÖJiHija 3 

nxk <P 

Bpeina oKHflaHiM c Eieposmioerbio P, MüH 

P 
cpA 

P==1.0 P==0.9 P=0.8 
i=90° i=82° i==72° i=90° i=82° i=72° i=90° i=82° i=72° i=90° i=82° i=72° 

3*4 0 120 119 117 54.9 57.4 64.7 22.8 22.1 27.9 15.8 16.1 17.7 
20 93.6 92.4 116 42.8 45.6 51.3 16.6 17.3 19.3 12.8 13.3 14.3 
40 38.6 61.3 72.8 14.3 14.6 15.4 11.0 11.2 11.5 5.6 5.6 6.0 
50 19.1 45.7 79.9 11.1 11.3 12.1 7.8 7.9 8.6 3.4 3.5 4.5 
60 42.6 16.3 86.8 4.5 6.7 10.0 1.7 2.5 5.7 1.2 1.6 3.4 
70 10.6 14.2 49.9 0 0.7 9.2 0 0 3.9 0.1 0.3 2.3 
80 7.9 13.9 18.7 0 0 7.0 0 0 2.1 0.01 0.02 1.7 

6*4 0 15.9 16.2 16.8 7.4 7.6 8.8 3.0 3.2 4.3 1.8 1.8 2.1 
20 15.3 15.6 16.0 8.3 8.4 8.0 3.6 3.9 4.1 2.0 2.1 2.0 
40 14.3 14.5 23.2 1.2 1.7 3.7 0 0 0.7 0.4 0.5 0.9 
50 13.5 16.7 34.8 0 0 0 0 0 0 0.1 0.1 0.3 
60 2.7 14.9 15.3 0 0 0 0 0 0 0.02 0.1 0.4 
70 0 2.5 18.3 0 0 0 0 0 0 0 0 0.5 
80 0 0 11.4 0 0 0 0 0 0 0 0 0.1 

AHaiIH3 OpÖHTaUhHOH VCTOHHHBOCTH 
ycTOHHHBOCTb opÖHTaiibHOH CTpyiaypbi CHCTeMbi oöecneHHBaeTc« BMÖOpOM 

HOMHHajibHbix napaMeTpoB opÖHT, o^HHaicoBbix #ns Bcex KA CHCTeMbi, H KoppeKUHefi 
3jieMeHTOB, SBOJHOHHH Koxopbix HapymaeT B3aHMHoe nojio»;eHne KA B cHCTeMe. J\jix 
oöecneneHHa CTaÖHUbHocra xapaicTepHCTHK CB«3H Ha cpoKe aKTHBHoro 
cymecTBOBaHHfl H no,zmep)KaHHe opÖHTajibHoü CTpyiaypbi HeoöxoflHMO 
KoppeK-rapoBaTb nojioaceHHH KA Ha op6HTe no apryneHTy urapoTbi a Taioice 
o6ecneHHTb  CTaGnubHoe  nonoaceHHe  nnocKOCTefi.  BaKHO  onpe^ejiHTb  noTpe6Hbie 
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3anacM xapaKTepHcnraecKoft cKopocra Ha 6opTy H ee pacKJiaflKy Ha pa3JiHHHbie 

MaHeBpti. 

PncLCTpyKTypa CHCTCMW (6X8), 

Ha pnc.l noKa3aH O6IIJ;HH BH^ CHCTCMBI 6X8 C HaioioHeHHeM 82°. 

B Ta6ji.4   npHBOflSTca 3HaneHHa yxofla nojioaceHH» IIJIOCKOCTH opÖHTti OT cBoero 
HOMHHajiBHoro nojio^eHHa 3a 7 JieT 3a cneT norperuHocTefi BHBeaeHHs PH no 

HaKJIOHeHHK) H BBICOTC 

Taojinua 4 

3BOJIIOUHH HJIOCKOCTH opSHTbi 3a 7 JieT 

i, rpaayc H, KM Ai, rpa^yc Aa, KM AQ, rpa,n;yc 

90 1500 0 30 4.3 

0.05 0 10.6 

82 1500 0 30 22.3 

0.05 0 10.5 

72 1500 0 30 49.6 

0.05 0 10.1 
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YXOA nojio>KeHHs HJIOCKOCTH opÖHTti KA OT CBoero noMHHanbHoro nojioaceHna 
H3-3a norpeuiHocTen BHBe^eHHa no BbicoTe H HaKJioHeHHio Ha CAC 7 neT jsjm 
HaKJioHeiiHa 82°cocraBaT: 
• 3a cneT norpeniHOCTH no BbicoTe ±10°; 

• 3a cneT norpeniHOCTH no HaKJioHCHHio ±22°. 

KpoMe 3Toro, KA CHCTeMbi 'ToHen" 3a cneT conpOTHBJieHHa aTMoc<j)epbi 6yAeT 
e^cecyTOHHo TepaTb B 6OJIBUIOH nojiyocn OT 6CM ao 1.5 CM B 3aBHCHM0CTH OT 

cojineHHon aKTHBHocTH, HTo npHBOflHT K HeKOHTpojinpyeMOMy CMem;eHHio KA no 
apryMeHTy nmpoTbi. 

AHanH3 3THX AaHHbix no3BOJiaeT onpe^ejiHTt cocTaB KoppeKTHpyeMbix 
napaMeTpoB, onpe#ejiHTb nepHOflHHHOCTb KoppeKnHH H noTpeÖHbie 3anacbi 
xapaKTepHCTHHecKOH cKopocTH Ha npoBe^eHHe MaHeßpoB Ha opÖHTe. 

ITpoK^e Bcero, /uia CTaÖHjibHoro <j)yHKHHOHHpoBaHHa CHCTCMBI HeoöxoßHMO 
ycTpaHHTb norpeniHOCTH BHBe/jeHHs KA no BbicoTe , SKcneHTpHCHTeTy H 

HaKJioHeHHio, a Taicace yaepacHBaTb KA no apryMeHTy nrapoTbi. norpeniHOCTH 
Bbme^eHHa ycTparaioTca OäHH pa3 cpa3y nocjie BbiBe^eHHa KA Ha op6nry. 
O^HOBpeMeHHo c 3THM KA npHBOflHTca B HOMHHajibHoe nojio>KeHHe no apryMeHTy 
uiHpoTbi. ßjia 3Toro Hcnojib3yeTca ma BH^a KoppeKnHH: KoppeKHHa HaioiOHeHHa H 

KoppeKHHH nepHo^a oöpameHHa. 

B nponecce SBOJHOHHH opÖHxanbHaa rpynnnpoBKa HannHaeT pacxo^HTca no 
apryMeHTy ranpoTbi. Koppeicnna apryMeHTa nrapoTbi ocymecTBJiaeTca KoppeKnneH 
nepno^a o6pani;eHHa n npoBo^nrca nepHO/niyecKH Ha cpoice aKTHBHoro 
cymecTBOBaHHH. /Jjia y^epjKaHHa KA Ha opÖHTe c TOHHOCTBIO ±0.2° (HTO Heo6xoflHMO 
/IJia no^ep^aHHa CTa6HHbH0CTH xapaKTepncTHK CBa3H ) KoppeiajHio opÖHTbi cjie/ryeT 
npoBo^HTb O#HH pas B Tpn He,n;ejiH. 

Ha 6opTy HMeeTca 3anac ToiuiHBa, no3BOJiaioinHH peajiH30BaTb 22 M/C 

xapaKTepncTHHecKOH CKopocTH. Ha ycTpaHeHHe norpeniHOCTH BbiBejjeHHa KA no 
BbicoTe pacxo^yeTca He 6ojiee 14 M/C xapaicrepHCTHHecKOH CKopocTH. Ha ycTpaHeHHe 
norpenraocTH BbraeneHHa KA no HaKJioHeHHio noTpe6yeTca He öojiee 6 M/C 

xapaKTepHCTHHecKOH CKopocTH. Ha KoppeKHHio nojioaceHHfl KA no apryMeHTy 
niHpoTbi noTpeöyeTca MeHee 0.3 M/C xapaicrepHCTHHecKOH CKopocTH. 

/Jjia npoBe^eHHa KoppeKnHH HaioiOHeHHa KoppenHpyiomHH HMnyjibc BbmaeTca 
nepneHflHKyjiapHO HJIOCKOCTH opÖHTM. npn npoxoJK^eHHH KA sKBaTOpa. ^jia 
npoBe^eHna KoppeKnHH nepnofla oöpameHHa KoppeKrapyionniH HMnyjibc BbmaeTca no 
HJIH npoTHB BeKTopa CKopocTH KA. KoppeKTHpyioDiHH HMnyjibc BbiaaeTca B MOMCHT 

o6ecneHHBaiom;HH MHHHMajibHoe 3HaneHHe SKcneHTpncHTeTa. J^annue BHUBI 

KoppeKnHH peajiH3yioTca cooTBeTCTsyioinHMH ßBHrarejiaMH KoppeKnHH, Bxo#amHMH B 

cocTaB njiaT^opMH KA 'ToHen" pa3pa6oTKH HnO nM. 
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Summary 
Created nowadays on the small-sized (small) satellite's basis the 

telecommunication space systems require solving optimization problem and orbital 
structure selection and also its maintenance for long duration satellite lifetime up to 

7...10 years. 
The telecommunication system should provide worldwide and continuous 

telecommunication for customers using compact and cheap telecommunication 
hardware. In the present report account is given of the research outcomes have been 
carried out in NPO PM as for orbital structure optimization for the Russian "Gonez" 
telecommunication low-orbital space system, developed in NPO PM for the Russian 
Space Agency order within the framework of the Russian Federation Federal space 
program. 

The "Gonez" satellite's system orbital constellation selection problems are 
posed and solved in this report. The optimization was carried out as to satellites' 
amount criterion in the orbital constellation at presence of limitations as for the orbital 
altitude, as for the orbital inclination, as for the possible schemes of the satellite 
positioning on orbit, as for amount of satellites injected by one launcher and as for 
elevation angle of customer activity. Next the best orbital structure was investigated in 
regard to stability, i.e. on orbital structure deviation from the ideal structure in the 
course of time because of orbital parameters' evolution. The stability's researches 
have shown that the satellite system should be correctable by two parameters: by the 
orbital period and by the orbital inclination. 

As a consequence the following orbital constellation structure was selected: 6 
orbital planes are positioned with the inclination value 82°, eight satellites are placed 
through 45° at 1500 km altitude in the each plane, all satellites from the same orbital 
plane are biased on latitude argument as to satellite from the nearest orbital plane by 
22,5°. The orbital structure stability maintenance requires in the first place the initial 
correction carrying out that is aimed at errors' compensation of the satellite orbital 
injection by the launcher and further for the lifetime period 7 years periodically (once 
per three weeks) to compensate a satellite system divergence as for the latitude 
argument by correction of the orbital period. The corrections require the total costs of 
characteristic velocity not exceeding the value 22 
m/sec. 
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Formulation of the problem 

The orbital structure parameters of the satellite system (further the orbital 
structure) are the following:amount of the orbital planes (n); 

• amount of the satellites in the plane (k); 
• displacement of the orbital planes  (the ascending node of the right 

ascension) with each other (AQ); 
• satellite phasing (separation by the latitude argument) within the plane (Au 

); 
• satellite phasing (separation by the latitude argument) in the various planes 

(Acp). 

Further we shall define the satellite orbital constellation as nxk. 
Let's consider the requirements as for the orbital constellation of the "Gonez" 

space telecommunication system. It should provide continuous and worldwide 
(global) telecommunication for customers using compact and cheap 
telecommunication hardware. Global telecommunication means ability of the orbital 
constellation to serve a customer in any point of the Earth's surface. Continuity means 
ability of the orbital constellation to serve a customer at any time moment. In case if 
both continuous and worldwide (global) telecommunication requirements are 
specified than for the orbital constellation selection problem it means that the 
customer has in the radio visibility zone even one satellite in any point of the Earth's 
surface in each time moment. 

It should be observed that the continuity requirement is rather rigid and in order 
to answer the requirement to be used significant number of satellites in the orbital 
constellation. In practice frequently the full telecommunication continuity is not 
required, and it happens enough that it was executed with P probability close to 1. 
Therefore further orbital constellation will be considered that provide global and 
continuous telecommunication with various values of P probability. 

On the one hand the requirement of telecommunication hardware small power 
consumption means that satellite orbital altitude should be minimum possible. On the 
other hand the requirement both continuous and worldwide (global) 
telecommunication does necessary increasing altitude and inclination of satellite's 
orbits. As a rule, altitude and orbital inclination are chosen on the basis of the 
following set of factors: satellite mass, power capabilities of the "the terminal - 
satellite" radio link, presence appropriate launcher and launching polygons, launch 
cost, radiation intensity at selected altitude, satellite lifetime period and so on. The 
NPO PM experience of activities have shown that for such problems near-circular 
orbit with the orbital altitude of 1500 km is most appropriate. For the launching it is 
expedient to use the launcher "Rockot" that is able remove simultaneously to this 
altitude up to 4 satellites (satellite mass no more than 250 kg). 

For maintenance the orbital structure stability the satellites should have identical 
mean values of the following orbital parameters: semi-major axes (a ), eccentricity ( e 
) and inclination ( / ) . In this case precession rate and precession direction of all 
orbital planes are identical, so the mutual position of planes varies unsignificantly in 
space on long duration of satellite lifetime. 
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Thus, the orbital structure selection problem of the "Gonez" space system is 
reduced to finding minimum number of satellites ensuring single continuous (with the 
probability P) and global cover at the following limitations: 

• The nominal altitudes are equal 1500 km for all satellites and all orbits 
have the identical nominal eccentricity and inclination; 

• Amount of satellites in each plane should be multiple 4; 
• Values of 64°, 72°, and 82° can be specified as the satellite orbital 

inclination (only for these inclinations there are mastered injection routes 
for the "Rockot" launcher from the space port Plessezk); 

• In case of the correctable orbital structure the consumption of 
characteristic velocity should not exceed 22 m/sec, just such reserve is 
provided by the "Gonez" satellite platform. 

It should be noted that the given problem can have not the unique solution, i.e. 
there can be some structures with the close characteristics. In this case additional 
criteria are necessary for selection of one orbital structure from the several solutions 

of the given problem. As one criterion from such criteria is value of a customer 
elevation angle for that telecommunication should be provided. Additional orbital 
structures' comparison criteria connected with telecommunication waiting period by a 
customer will be entered further. 

Telecommunication parameters & characteristics 
evaluation for various orbital structures 

In order to evaluate telecommunication parameters and characteristics the 
telecommunication process simulation was performed for the whole the Earth's 
surface for various orbital structures. The basic telecommunication characteristics 
were obtained by the statistical simulation of the telecommunication process on the 
whole Earth's surface. Mathematical model of the telecommunication process 
including satellite motion model, the Earth's rotation about the axis and the customer 
position on the Earth's surface, and the telecommunication process parameters were 
selected so that to ensure accuracy of the obtained characteristics within the limits of 
1%...3%, that has allowed to reveal with a sufficient reliability the orbital designs' 

particularity. 
The orbital constellation for which their telecommunication characteristic 

calculations were performed, having been designed as follows: 
• the adjacent planes are biased with regard to each other plane (except first 

and last planes) on interplanar displacement value (AQ) that is shown in each 
particular case (structure is created so that the satellites from adjacent planes, except 
first and last plane, moved in parallel and their routes have covered the Earth's 
territory most effectively at the expense of interplanar shift); 

• phasing satellites is uniform in plane (the phase shift value is equal 360/k in 

a plane); 
• phasing satellites in various planes is performed in such manner that 

satellites in adjacent orbital planes are biased with regard to each other on the half- 
value of phase shift in the plane. 
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As a rule satellite system characteristics lie in the essential power of the abonent 
position latitude therefore the analysis of the telecommunication characteristics 
depending on the latitude occupies an important place. Some latitudes values: 0°, 20°, 
40°, 50°, 60°, 70°, and 80° were chosen with a view to calculate parameters' 
dependence from the latitude. 

The orbital structures comparison criterion for worldwide&continuous 
telecommunication is the elevation angle of customer activity for which this 
worldwide&continuous telecommunication is achieved. It is not enough of one this 
criterion for the orbital structures' comparison, however. Let's enter the additional 
telecommunication characteristics permitting to compare structures at different phases 
of systems' deployment: 

• waiting period with probability 1.0 - tuo (guaranteeing waiting period); 
• waiting period with probability 0.9 - tg9; 

• waiting period with probability 0.8 - tos; 

• mean waiting period tmean. 

These characteristics are determined for a certain latitude and can be interpreted 
as follows: 

th0 is the greatest period of waiting satellite for 100 % of possible customers on 
the specified latitude; 

t0?9, t0tSare the greatest periods of waiting satellite for 90 % and 80 % of possible 
customers on the specified latitude; 

tmean determines a waiting period averaged for all possible customers on the 
given latitude. 

Table 1 shows the 6x8 structures' basic parameters which values provide 
continuous (with probability 1) worldwide service for the 90°, 82°, and 72° 
inclinations. 

Table 1 

Inclination Interplanar displacement 
(AQ) 

Elevation angle 

90° 32.5° 14.5" 
82" 33u 

14° 
72° 35° 13° 

Thus, table 1 shows that the greatest elevation angle is provided at inclination 
value 90°. However given inclination does not satisfies limitations on injection routes 
and besides above poles some satellites come together in orbital points and there is a 
probability of their collision. Nevertheless, in case of given inclination an orbital 
structure has the best telecommunication characteristics and consequently it is given 
for a comparison in further. 

Table 2 provides the telecommunication characteristics of orbital structures for 

90°, 82°, and 72° inclination values at elevation angle 0C= 30°. 
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Table 2 

nxk <P 

Waiting period with probability P, minute 
'■mean 

P=1.0 P=0.9 P==0.8 

i=90° i=82° i=72° i=90° i=82° i=72° i=90° i=82° i=72° i=90° i=82° i=72° 

3*4 0 180 179 179 119 122 132 88.2 87.6 94.4 44.1 44.1 45.1 

20 179 179 178 112 116 124 81.5 84,1 90.3 40.4 41.1 43.4 

40 151 150 161 82.4 87.9 95. 50.6 58.5 66.5 26.7 28.5 31.8 

50 95.9 111 169 49.8 57.9 49. 20.9 28.7 19.6 16.4 18.4 17.8 

60 38.9 90.3 205 17.6 18.6 28. 14.3 14.7 13.8 7.4 8.3 15.5 

70 19.6 40.1 214 9.6 11.9 56. 6.2 7.3 13.5 3.3 3.5 18.3 

80 9.5 19.6 305 2.2 6.0 120 0.7 3.1 19.6 0.5 1.8 29.5 

6*4 0 37.9 62.7 62.8 20.0 20.2 21.2 15.9 16.1 16.3 8.6 8.6 8.8 

20 37.0 52.1 35.1 18.3 18..7 18.6 15.0 15.3 15.1 8.0 8.1 7.9 

40 21.9 34.8 49.3 15.1 15.5 16.1 10.7 lt.l 12.3 5.2 5.4 5.9 

50 37.6 38.8 39.7 11.0 12.8 12.6 6.6 7.7 8.6 3.5 3.9 4.1 

60 19.2 35.6 47.9 5.4 6.0 8.6 3.8 3.6 1.8 1.8 1.9 2.4 

70 6.9 20.1 83.8 3.3 2.9 10.9 1.9 0.3 2.6 0.8 0.9 3.6 

80 4.8 12.3 149. 0.1 1.3 18.5 0 0 6.6 0.1 0.3 9.0 

6*8 0 30.8 30.0 29.1 6.5 6.7 7.7 3.8 3.9 4.3 2.3 2.4 2.6 

20 20.7 19.7 28.0 5.0 5.2 5.1 3.1 3.3 3.2 1.6 1.6 1.6 

40 7.2 20.7 8.3 2.9 3.2 3.7 1.2 1.5 2.1 0.7 0.8 0.9 

50 19.5 5.6 19.1 1.4 1.7 2.6 0 0 0.6 0.4 0.4 0.6 

60 4.7 18.9 40.6 0 0 1.0 0 0 0 0.1 0.2 0.7 

70 0 0 63.3 0 0 1.5 0 0 0 0 0 1.6 

80 0 0 141. 0 0 6.9 0 0 0 0 0 6.0 

Table 3 provides the telecommunication characteristics of orbital structures for 

90°, 82°, and 72° inclination values at elevation angle 0t= 15°. 

Table 3 

nxk (P 

Waiting period with probability P, minute 

P=1.0 P=0.9 P=0.8 
"mean 

i=90° i=82° i=72° i=90° i=82° i=72° i=90° i=82° i=72° i=90° i=82° i=72° 

3*4 0 120 119 117 54.9 57.4 64.7 22.8 22.1 27.9 15.8 16.1 17.7 

20 93.6 92.4 116 42.8 45.6 51.3 16.6 17.3 19.3 12.8 13.3 14.3 

40 38.6 61.3 72.8 14.3 14.6 15.4 11.0 11.2 11.5 5.6 5.6 6.0 

50 19.1 45.7 79.9 11.1 11.3 12.1 7.8 7.9 8.6 3.4 3.5 4.5 

60 42.6 16.3 86.8 4.5 6.7 10.0 1.7 2.5 5.7 1.2 1.6 3.4 

70 10.6 14.2 49.9 0 0.7 9.2 0 0 3.9 0.1 0.3 2.3 

80 7.9 13.9 18.7 0 0 7.0 0 0 2.1 0.01 0.02 1.7 

6*4 0 15.9 16.2 16.8 7.4 7.6 8.8 3.0 3.2 4.3 1.8 1.8 2.1 

20 15.3 15.6 16.0 8.3 8.4 8.0 3.6 3.9 4.1 2.0 2.1 2.0 

40 14.3 14.5 23.2 1.2 1.7 3.7 0 0 0.7 0.4 0.5 0.9 

50 13.5 16.7 34.8 0 0 0 0 0 0 0.1 0.1 0.3 

60 2.7 14.9 15.3 0 0 0 0 0 0 0.02 0.1 0.4 

70 0 2.5 18.3 0 0 0 0 0 0 0 0 0.5 

80 0 0 11.4 0 0 0 0 0 0 0 0 0.1 
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The analysis of orbital stability 

The system stability is provided by selection of nominal orbital parameters 
identical to all satellites of system, and by correction of elements which evolution 
disturbs a mutual satellite position in the system. To provide for the 
telecommunication characteristics' stability on satellites' lifetime period and for 
maintenance of the orbital structure it is necessary to correct the satellite position on 
orbit as for the latitude argument, and also to supply a stable position of planes. It is 
important to define required reserves of onboard characteristic velocity and it layout 
for various maneuvers. 

Fig.l. The structure of the system (6x8). 

Fig.l shows the general view of the system 6x8 with inclination value 82°. 
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Drift values of orbital plane position from its nominal position   on the time 
interval 7 years on account of the launcher ascent errors on the inclination and the 

altitude see in Table 4. 
Table 4 

Orbital plane evolution on the time interval 7 years 

i, degree H, km Ai, degree Aa, km AQ, degree 

90 1500 0 30 4.3 

0.05 0 10.6 

82 1500 0 30 22.3 

0.05 0 10.5 

72 1500 0 30 49.6 

0.05 0 10.1 

Drift values of satellite orbital plane position from its nominal position on the 
lifetime 7 years on account of the launch ascent errors on the inclination and the 
altitude will constitute for the nominal inclination 82°: 

• ±10° on the altitude; 
• ±22° on the inclination. 

Besides, on account of the atmospheric resistance depending on solar activity 
the "Gonez" system satellite will lose per day in the semi-major axis from 6 cm up to 
1.5 cm , as a consequence uncontrolled satellite drift results on the latitude argument. 

The analysis of these data allows to determine the correctable parameters' 
structure, to determine the correction periodicity and to determine required reserves of 
characteristic velocity for maneuver realization on orbit. 

First of all, for stable system operation it is necessary to remove the satellite 
launch ascent errors on the altitude, the eccentricity and the inclination and also to 
keep satellite on latitude argument. The launch ascent errors are eliminated once at 
once after the satellite launch ascent into orbit. Simultaneously with it the satellite is 
positioning to a nominal position on the latitude argument. Two kinds of satellite 
position correction are used for it: the inclination correction and the orbital period 

correction. 
During evolution the orbital constellation begins to go away on the latitude 

argument. The latitude argument correction is implemented by the orbital period 
correction and is carried out periodically on satellite lifetime. For satellite-keeping on 
orbit with accuracy ±0.2° (it is necessary for maintenance of the telecommunication 
characteristics' stability) the orbital correction should be implemented once per three 

weeks. 
There is onboard propellant budget permitting to realize 22 m/sec of 

characteristic velocity. No more than 14 m/sec of characteristic velocity is consumed 
for elimination of the satellite launch ascent error on altitude. For elimination of the 
satellite launch ascent error on the inclination it takes no more than 6 m/sec of 
characteristic velocity. The satellite position correction on the latitude argument will 
require less than 0.3 m/sec of characteristic velocity. 

In order to realize the inclination correction the correcting momentum is 
implemented perpendicularly to orbital plane when satellite is passing the equator. For 
realization of the orbital period correction the correcting momentum is implemented 
on the direction or against direction of satellite velocity vector. The correcting 
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momentum is implemented in the time moment ensuring minimum value of the 
eccentricity. 

This kinds of orbital corrections are realized by appropriate Orbit Control 
Propulsion Units that are included in the "Gonez" platform structure developed by 
NPOPM. 
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HcTopHfl H nepcneKTHBM pa3BHTHa cHCTeM ynpaBJieHH« cnycKOM 
6ecKpi.iJibix KocMHHecKHX annapaTOB 

C.H.KyflpflBijeB 

IJHHHMAIII 

141070, r.KopojieB, MocKOBCKaa o6jiacTb 

yji.nHOHepcKaa, 4 

Teji 513-56-24 

KojiiraecTBO ocymecTBjieHHbix B MHpe nocanoK nanoTHpyeMbix KA 
npH6jHDKaeTCH K #ByM COTHüM. Kaac^aa noca^Ka - 3TO pe3yjibraT ycneniHO- 
ro peineHHH KOMiuieKca Hayrao-TexmraecKHX npo6jieM, o/nron H3 KOTOPMX 

flBJweTCH opraHH3aiiH5[ ynpaBjieHira ÄBioKeHHeM KA npH cnycKe B IUIOTHMX 

CJIOHX aTMOccpepbi. 

OöpaTHMCH K HCTOpHH co3#aHH5i CHCTeM ynpaBjieHHa cnycKOM B Ha- 
men cTpaHe. IlepBbie KA 6ajuinciwiecKoro THna HMejin pa3Mepbi o6jiaera 
paccenBamra flo 600 KM B npo^ojibHOM H flo 100 KM B 6OKOBOM HanpaBjie- 
HHHX. YTOHHeHHe napaMeTpoB KA H xapaKTepncTHK aTMOC(pepbi, a TaioKe 
ycoBepmeHCTBOBaHHe CHCTCMW ynpaBjieHira npH cxo,z*e c op6nTbi no3BOJin- 
JIH yMeHbiiiHTb pacceHBaHHe B npoflojibHOM H 6OKOBOM HanpaBjiemrax flo 
300 KM H 60 KM cooTBCTCTBeHHO. riouBJieHHe CA ynpaBjraeMoro cnycKa 
("CoK>3" B KOHiie 60-x roflOB) c npocTenmen aHajioroBOH cncTeMon ynpaB- 
jieHira no3BOJiPtno eine 6ojiee ciffl3HTb pa3Mepbi oojiaern paccenBamra H 

flOBecTH HX A© 120 Ha 60 KM. Co3flaHHe cnereMbi ynpaBJiemra cnycKOM Ha 
6a3e 6opTOBoro uHcppoBoro cneuBbrqHCjiHTejra ("COK>3 T", "C0103 TM") 
o6ecneHHJio To^mocTb nocamcn He xyace 30 KM KaK no npoaonbHofi, xaK H 

no 60KOBOÄ aajibHOCTH. 

OflHon H3 ocHOBHbix 3a#a*i npH opraHH3annH cnycKa KA aBJiaexcfl 
Bbi6op pafioHa fljia 6e3onacHon nocamcn. Pa3Mepbi aroro paiioHa onpeae- 
jiJHOTca paccenBaHHeM imeK npH3eMJiefflra KA. Hcnojib3yebin B Haeroamee 
BpeMH nojinroH nocaflKH Ha ceBepo-3ana#e Ka3axcTaHa HMseT flocTaTO^HO 
Öojibinne pa3Mepbi, oflHaico cymecTByeT pflfl ero ocoöeHHOCTen, Bee 6ojiee n 
6ojiee 3aTpymraionnix opraHH3anmo nocazncn. TaK, nocanKa B oxnajieHHbix 
OT aouibii nycTMHHbix panoHax nojinroHa cB5i3aHa c öojibuiHMH 3aTpaTaMH 
Ha npoBeßeHne noHCKOBO-aBaKyauHOHHbix pa6oT. yßejiHHHBaeTCH roioT- 
HocTb HacejieHHÄ H npoMbiiujieHHbix o6beKTOB,HTO nacTO 3aTpyflHHeT Bbi6op 
Mecxa noca^KH ^aace B öjiaronpiraTHbix panoHax. Hanöojiee cymecTBeHHon 
ocoöeHHOcTbio HBji«eTca oÖpeTeHne Ka3axcTaHOM rocy^apcTBeHHoii He3aBH- 
CHMOCTH, HTO noBJieioio 3a coöbii 3HaHHTejibHoe ycfioaoieHHe opraHH3annH 
paöoTbi noncKo.-cnacaTejibHOH cjiyacöw n flocraBKH aKnnaacen KA B 

MocKBy. B CBÄ3H c 3THM BecbMa aKTyajibHbiM aRnaeTca opraHH3amw no- 
ca/iKH KA Ha poccnncKon TeppHTOpnn. QziHaKo Heo6xoziHMO Bbi6paTb H 

oöopynoaTb nojinroH nocaaicn, KOTopun no3BOjiJui 6bi o6ecne*niBaTb BO3- 

C.KyflpaBneB 



MoxHocTb öesonacHOH nocamcH Ha HecjcojibKHX BHTKax B Ka^mwe cyncH 
ncvieTa. B STHX ycjioBHax Bbiöop HOBOTO nojiHroHa nocazjKH flaace Ha or- 
poMHOH TeppHTopHH POCCHH aBFiaeTca KpaÖHe HenpocTofi 3aflaneH. Oco- 
6eHHO ocTpo CTOHT sazja^a Bbi6opa panoHa nocaßKH B rycTOHacejieHHOH 
Eßpone fljia B03BpameHH^ SKHnaaceH Me^ayHapoflHOH KocMHHecKOH craH- 
HHH Ha npoeKTHpyeMOM eßponeöcKOM KA. 

OTMeneHHMe o6cToaTejibCTBa Harjia,n,Ho noKa3biBaioT 6ojibniyio aiay- 
ajibHocTb yBejiHHeHHa TOHHOCTH nocamcH. PemeHHe OTOH TexHirqecKOH 3a- 
jxami B pime cjiynaeB MoaceT c-Taxb eAHHCTBeHHWM cnocoöoM oöecneHemia 
BO3MO»CHOCTH 6e3onacHoro B03BpameHHa KA Ha 3eMjno. OHeBwnro, npn 
paiMepax o6jiaciH pacceHBaHHa ToneK nproeMneHHa KA nopaflKa KHJioMeT- 
pa Ha Tpacce npaKraaecKH jiK)6oro BHTKa, npoxo^amero Ha# TeppHTOpneH 
rocyaapcTBa-Bjia,a;ejibu;a KA, MC»KHO Bbi6paTb 6jiaronpHaTHbiH pafioH no- 
ca^KH. 

CymecTBysoT ÄBa HanpaBJieHHa pa3BHTHa CHCTCM ynpaBjieHHa 
cnycKOM KA. ITepBoe - STO nanpaBjieHHe flajibHeiiiiiero coBepnieHCTBOBa- 
HH5I aBTOHOMHMX CHCTeM. YBejIHqeHHe TOMHOCTH nOCaflKH KA B 3TOM cjiy- 
^ae flocTHraeTca npHMeHeHHeivr BMCOKOTOTHMX aBTOHOMHbix HaBHraHHOH- 
Hbix CHCTeM H ajiropHTMOB HaBefleHHH, peajiH30BaHHbix Ha MOIUHMX 6opTO- 
Bbix BbFiHcjiHTejrax. He^ocTaTKOM 3Toro HanpaBJieHHa aBjraeTCÄ cjioaoiocxb, 
BWCOKHe Bee H CTOHMOCTb HaBurauHOHHoro o6opyo,OBaHHii. JXS19L TaKoro 
ycoBepmeHCTBOBaHHH cymecTByiomHe KA "C0103TM" HenpHro^Hbi. Heico- 
Topoe noBbinieHHe TOHHOCTH HX noca/jKH npH aBTOHOMHOM ynpaBJieHHH 
B03MOXHO nyreM aopa6oTKH airopHTMa HaBefleHHa, peanH30BaHHoro B 6op- 
TOBOM BbiHHCJiHTejie cnycKaeMoro annapaTa. 

flpyrHM HanpaBJieHHeM pa3BHTHa CHCTCM ynpaBjieHHa cnycKOM HB- 

JiaeTCa  C03ZiaHHe  KOMÖHHHpOBaHHblX  CHCTeM,   HCnOJIb3yK>mHX ÄJ15I TOHHOTO 
HaBe^eHHa BHenmeTpaeKTopHyio HHcpopMaHHio. Hanöojiee Ha/te^KHOH HH- 

cpopMauHeo Taxoro po^a aBJiaioTca flaHHbie pazjHoxexHHHecKHX HSMepeHHH 
napaMeTpoB TpaeKTopHH cnycica, npoBo^HMbix JIH6O Ha3eMHWMH eraHHHa- 
MH CJiejKeHHfl, JIH60 cnyiHHKOBOH HaBHraHHOHHOH CHCTeMOH. IIpH 3TOM Ha 
6opiy KA He TpeoyeTca HajiHHHa BMCOKOTOTOOH aBTOHOMHOH CHCTeMbi. 
MHHHMyM Beca flonojiHHTejibHoro ÖopTOBoro oöopyzjoBaHHa ßocraraeTca B 

cxeMe KOMÖHHHpoBaHHOH CHCTeMbi c paflHoynpaBJieHHeM. B STOM cjiyqae ^o 
BoccTaHOBjieHH« paaHocBü3H ynpaBJieHHe ocymecTBJiaeT npocraa aBTOHOM- 
Haa cHCTeMa. riocjie BOccTaHoaneHHa pa#HocBa3H Ha3eMHaa JIHSO cnyrHH- 
KOBaa H3MepHTejibHaa CHCTeMa c 3a#aHHOH HacTOToö npoH3BO#HT onpe^e- 
jTeHHe napaMeTpoB TpaeKopHH cnycKa, no pe3yjibTaTaM KOToporo B Ha3eM- 
HOM KOMnbioTepe paccHHTHBaiOTca 3HaieHiia KOMaHflHoro yrjia KpeHa, ne- 
pe/iaBaeMbie Ha 6opT KA. Pe3yjibTaTbi HccjießOBaHHH, npoBeaeHHbix B I|eH- 
Tpe ynpaB^eHH« nojieTOM H ^pyrnx opramKauHax, noKa3ajiH, MTO Ha co- 
BpeMeHHOM 3Tane pa3BHTHa TCXHHKH npo6jieMbi opraHH3auHH paflHocBa3H, 
nepe/ia^H ^aHHbix H BbinojmeHHa B peajibHOM MacmTa6e BpeMeHH Bcex He- 
oÖxo^Hbix BbiHHc^eHHH aBjiaioTca BnojiHe pa3peniHMbiMH. TaKon cnoco6 
no3Bo»ie3r.npHBecTH KA rana "C0103 TM" B TOHKy BBo^a napaniioTHOH CH- 

cTeMbi c MaRcHMäJibHOH OUIH6KOH nopa/i,Ka 1 KM. 



YMeHbineHHe BJIHAHHU BeTpa Ha STane napamioTHpoBaHHii MOJKCT 

6wTb flocTHrHyro nyreM 3a6jiaroBpeMeHHoro onpeflejieHHü BejiHHHHbi H Ha- 
npaBJiemiH BeTpoBoro cuoca H BHeceHaa cooTBeTCTByroiUHX nonpaBOK B 

Koop^HHaTbi TOHKH BBOfla napa]iiK)Ta. riojiHaa KOMneHcamia BeTpoBoro 
cHoca flocTHraeTca nocpeflCTBOM npHMeHeHHfl ynpaBjraeMoro napamioTa, 
npiraeM B STOM cjiynae BCXJMOJKHW Tarace KOMneHcauHH OIHHöKH CHCTCMW 

ynpaBjiemra cnycKOM H, B npHHHHne, oöecneneHHe npaKTiraecKH HyjieBoro 
npoMaxa npH nocamce. 

OflHHM H3 HanpaBJieHHH pa3BHTHH cHCTeM MHrKOH nocamoa «BJiaeTCH 
co3flaHHe peaKTHBHbix, T.e. 6ecnapaiiiK>THWX CHCTCM. 3TH CHCTCMW 3acjiy- 
acHBaKJT caMoro npHCTajibHoro BHHMamra B CBA3H C HX cymecTBeHHbiMH 
npeHMymecTBaMH nepe# napaimoTHO-peaKTHBHbiMH cncTeMaMH. Tax, B 

OTOM cjiyqae npaKTHraecKH nojiHocTbio oTcyrcTByeT BcrpoBofi CHOC, riepea 
npHieMJieHHeM KA MCOKCT BbinojiHHTb 3aBHcaHHe Ha BbicoTe HecKOjibKHX 
aecHTKOB MeTpoB, a SKHnaac nocjie BroyajibHOH OHCHKH MecTa npH3eMJieHHfl 
c noMombK» pyqnoro ynpaBjiemra oßecncraT 6e3onacHyio nocamcy. PeaK- 
THBHbie flBHraTejiH CHCTCMW MarKOH nocaAKH Moryr HaHTH KOMruieKCHoe 
npHMeHeHHe Ha KA B Ka^ecTBe flBHraTejiefi CHCTCMW aßapHHHoro cnaceHHfl 
H flBHraTejieö opÖHTanbHoro MaHeBpHpoBaroui, HTO cymecTBeHHo CHH3HT 

Maccy coßcTBeHHO CHCTCMW MHTKOH noca^KH. 

HTaK, Ha coBpeMeHHOM aTane pa3BHTHH TCXHHKH Bnojme BO3MO>KHO 

co3flaHHe CHCTeM ynpaBJieHH« cnycKOM H CHCTCM MüTKOH nocaAKH, KOTO- 

pwe cnocoÖHbi o6ecneHHTb roiomanb oojiacra pacceHBaHHfl TcweK npH3eM- 
jieffira öecKpwjiwx B03BpamaeMWX KA c MajiWM aapo/niHaMHHecKHM Ka- 
qecTBOM nopa^Ka e#HHHU, KBaapaTHWx KHjioMeTpoB. 

CKyupjiBHCB 



CoBpeMeHHMe samara onepaTHBHoro 6ajuracTEraecKoro o6ecne*ie- 
HHH cnyc-Ka UA Ha 3eMJiK>. 

C.H.KyapaBueB 

UHHHMAUI 

141070, r.KopojieB, MocKOBCKaa oöjiacTb 

yji.IlHOHepcKaii, 4 

Teji 513-56-24 

E)KerOflHO HeCKQJIbKO #eC5TFKOB KOCMH46CKHX OÖbeKTOB B03BpaiUaK)T- 
ca Ha 3eMJiio. PaccMOTpHM ocuoBHbie KJiaccbi KA, B oajuiHcnrqecKOM 
oöecnenemra cnycKa KOTopwx npHHHMaeT ynacrae Hemp ynpaBjieroifl no- 
jieiaMH. MOXCHO BbmejiHTb 6 Taj<nx KJiaccoB H nepe*racjiHTb 3aaaHH, pe- 
maeMbie Ha 3aBepmaiomeM 3Tane nojieTa KA. 

1. UHjioTHpyeMbie TpaHcnopTHbie KopaÖJiH "C0103 TM". PeuiaioTCH 
3aaaHH oöecneqeHHH nrraTHbix, AocpoHHbix, cpoHHbix H aBapHHHbix cnycKOB 
Ha OCHOBHOH H pe3epBHwe nojiHroHbi noca^KH. K STHM 3aflaHaM OTHOCOTCH: 

- pacneT KOMaHUHo-ycTaBOHHon HHCpopMaijHH JUIR peajiH3ai];HH cnyc- 
Ka B nrraTHbix H npeaycMOTpeHHbix HennaTHbix cHTyamrax; 

- nporH03HpOBaHHe opÖHTajibHoro ^BHaceHHa KA c nejibio onpefle- 
jiemra napaMeTpoB opÖHTbi Ha BHTKC cnycKa; 

- Mo^ejiHpoBaHHe nponeccoB paccTMKOBKH H yßcma KA OT op6n- 
TaJIbHOH CTaHUHH (OC); 

- pacneT napaMeTpoB oTHocHTejibHoro ffBVDKemm KA H OC nocjie 
paCCTHKOBKH,  aHajIH3  6e30naCHOCTH  npHHJITOH  CXeMbI paCCTHKOBKH  H Ha- 
aeacHocTH npoBeaeHHü sanjiaHHpoBaHHbix 3KcnepHMeHTOB; 

- pacneT napaMeTpoB TpaeicropHH cnycKa zpm Bcex cjiyacö Ha3eMHoro 
KOMiuieKca ynpaBjieHHa; 

- yroMHemie TOHKH noca^KH. 

2. ABTOMaTHHecKHe rpysoBbie Kopaöjra "Ilporpecc M", KOTOpwe noc- 
jie BbinojiH6HHü nporpaMMbi nojieTa yBO^HTCH c opÖHTbi B nejrax 3aToruie- 
HHa a^eMeHTOB KOHCTpyisHHH B nycTMHHOM panoHe Taxoro oKeaHa. Pa6o- 
Tbi no o6ecneHeHHK> cnycKa npoBo^aTca TojibKo npn no^roTOBKe H npoBe- 
ZieHHH niTaTHoro yBoaa KA c opÖHTbi. CocTaB pemaeMbix saaaM TaKon ace, 
KaKHpaKA "Coio3 TM". 

C.KyflpHBneB 



3. MoayjiH op6HTajii>Hbix cTaHUHH, HaxoflHimieca B aBTOHOMHOM no- 
jieTe, H opÖHTajibHbie CTaHnira (KOMiuieKcw). B cjiyqae HCBO3MO>KHOCTH 

flajibHeHnieii SKciuiyaTauPiH H npK HajiH*fflH flocTaroHHbix 3anacoBTonjiHBa 
Ha 6opTy OHH äOJKKHM yBOflHTbCfl c OP6HTH aHajiorciHHo KA "nporpecc 
M". Pa6oTbi no oÖecne^enHio cnycKa npoBOflflTca TOjibKO B cjiynae BO3HHK- 

HOBeHH« Ha 6opTy Mooyrra aBapHHHOH cHiyanHH HJIH npH ruiaHOBOM npe- 
KpameHHH cymecTBOBaHHa opÖHTajibHoö craHmni. PeniaioTcsi cjie^yiomHe 

3ao;aHH: 

- nporH03HpoBaHHe op6HTanbHoro JXBVDKGVLVLH; 

- paCHeT KOMaHflHO-yCTaBO^HOH HH<J>OpMaHHH; 

- pacHeT napaMeTpoB TpaeKTOpHH ßjifl Bcex cjiyacö Ha3eMHoro KOM- 

njieKca ynpaBJieHHii; 

- yrcTCHeHMe pafioHa npHBO^HeHHa ajieMeHTOB KOHCTpyKHHH. 

4. PoCCHHCKHe KA C CpyHKHHOHHpyiOniHMH 6opTOBbIMH CHCTeMaMH H 
MaJIHMH   OCTaTKaMH   TOILHHBa   Ha   6opTy,    He   n03BOJI5HOmHMH   BbinOJIHHTb 
iUTaTHbifi yBO« c op6HTbi. HMeeTCH B03Moa<HocTb onpeflejieHH« napaMeTpoB 
op6HTbi iHTaTHMMH cpe^cTBaMH H ynpaBJieHira paftoHOM nafleHHH nyreM 
BHflaHH He60JIbIUHX pa3rOHHHX HJIH TOpM03HWX HMliyjIbCOB, a TaoKe H3Me- 
HeHHeM   OpHeHTaHHH.   KpOMe   TOIO,   H3BeCTHbI   BCe   XapaKTepHCTHKH   KA  H 
Moaejib ero pa3pyiueHHH. Pa6oTH no conpoBoacaeHHio nojieTa npoBoziHTca 
nocToaHHo w Bxo^a KA B aTMOccpepy. PemaeMbie 3a^aHH : 

- nporH03 H nocTOSMHoe yro^HeHHe B03MoacHoro Anana30Ha aaT 
BXO,n;a B aTMoeepepy (öojiee HQM 3a 5-7 cyroK); 

- nporH03 H yro^HeHHe BO3MOXHHX BHTKOB naßeHira, onpeaejieHHe 
nacTeH cyuiH KaK BO3MO^HMX paiioHOB naaeHHK (MeHee HCM 3a 1-2 cyroK); 

- nporH03 H yroHHeHHe panoHa B03Moa<noro naßemra (3a 1-4 BHTKa); 

- opraHH3aHHa ynpaBJienira flBiraceHHeM KA Ha nocjieflHeM BHTKe c 
nejibio 3aTonjieHHH B aKBaTopHH oKeaHa. 

npHMepoM pa6oT c KA TaKoro Kjiacca ÄBjraeTCfl o6ecneHeHHe 3aBep- 
maiomero STana nojiera rpy30Boro KopaGjia "nporpecc M-17", Boine,miiero 
B njioTHbie cjioH aTMoccpepbi 3 MapTa 1994 ro^a. 

5. PoccHHCKHe KA, nojiHocTbio BbipaöoTaBinne CBOH pecypc. B STOM 

cjiyqae TJJW conpoBO^aeHH« nojieTa KA Hcnojib3yioTC5i pe3yjibTaTbi onpe^e- 
jieHHH opÖHTbi naccHBHbiMH cpe/jcTBaMH. PeniaioTCK nepeHHCJieHHbie Bbime 
3aaaHH. Oco6eHHocTbK> «Birae/rca oTcyrcTBHe BO3MO>KHOCTH ynpaBJieHH« 
paftoHOM nafleHHü. IIpHMepbi paöor: op6HTajibHbrä KOMiuieKc "CajnoT-7"- 
"KOCMOC-1683" (na^eHHe 7 (pespara 1991 mm), coBeTCKaa jiyHHaa Ka6nHa 
(10 ÄeKaöpÄ 1995 roaa), pa3roHHbrii 6JIOK KA "Mapc-96" (17 HoaGpa 1996 

Tom)- 

C.KyapHBneB 



6. 3apy6e3CHwe KA, na^enne Koxopbix Ha 3eMJiio MoaceT npHHHHHTb 
3Ha^HTejibHbiH ymep6. ConpoBoaqjeHHe TaKHX KA HMeeT cymecTBeHHoe 
0TjiHqHe,TaK KaK HX xapaicrepHCTHKH Moryr 6bm> HeH3Becrabi HJIH H3- 
BecTHbi HeTOHHO. Mo^ejib pa3py][iieHna OTcyTCTByex. B xo^e conpoBOJK^eHHa 
nojieTa peinaroTca Te ace 3afla^ra, MTO H AJIJI POCCHHCKHX KA, Bbipa6oTaBnrax 
pecypc. 

B Ka^ecTBe npHMepa TaKOH pa6oTbi MO^KHO npraecTH cjieaceHHe 3a 
KHTaftcKHM cnyTHHKOM, HMeBiuHM cnycKaeMbifi annapaT (naaemie 12 MapTa 
1996 roaa). 

B pa6oTax no o6ecne*ieHHio cnycKa H conpOBo^emiio KA Ha 3a- 
BepinaiomeM ynacTKe nojreTa npHHHMaioT cjie^yioniHe opraHroauHH: 

- HHCTHTyTW AKazjeMHH HayK PO (MOHHTopHHr 3eMjiHH H CojiHua); 

- npeanpHHTHii-pa3pa6oTOHKH KA (xapaKTepHCTHKH KA); 

- MHHHCTepCTBO OÖopOHbl PO (Ha3eMHbie H3MepHTejIBHMe nyHKTM, 
D,eHTp KOHTpOJTH KOCMH^eCKOTO npocTpaHCTBa); 

- MHHHCTepCTBO HHOCTpaHHblX fleJI  PO  (onOBemeHHe HHOCTpaHHblX 
rocyaapcTB); 

- HHHMMAHI. 

UHHMMAHI BKJiioHaeT pan no«pa3^;ejieHHH, (pyHKHHHMH KOTopwx 
HBJiaeTca npoBe^eHHe aHajiH3a KOHCTpyKHHH KA H co6cTBeHHo ynpaBJieHHe 
nojieTOM. K TZLKHM noapas^ejieHiMM OTHOCHTCH : 

- Henrp npoHHocTH; 

- Hemp Teruioo6MeHa; 

- Hemp aapOÄHHaMHKH; 

- Hemp ynpaBJieHHü nojieTOM. 

B CBOK) onepeflb, Uyn COCTOHT H3 cjienyiomHX cjiyacö: - rjiaBHaa 
onepaTHBHaa rpynna ynpaBjieHHa (cneHHajiHCTbi opraHH3a 

HHH-paspaGoT'iHKOB K\); - cjiy»c6a TejieMeTpirqecKoro oöecneHemra; 

- cjryacÖa KOMaHZiHO-nporpaMMHoro o6ecnelieHHJi; 

- cjiyacöa 6ajuiHCTHKo-HaBHranHOHHoro oöecneneHjra. 

Pa6oTbi no öajuracTKraecKOMy o6ecneneHHio cnycKOB BbinojiHaioTcfl 
noapa3^ejieHHeM anyacöbi BHO, KOTOpoe HasbiBaeTca rpynnon onepaTHBHo- 
ro BHO cnycKOB. IlepeMHCJieHHbie Bbime 3a#aHH pemaioTCH c noMombio 
KOMroieKca nporpaMM, peajiH30BaHHoro B HacToamee BpeM» Ha pa6oneH 
cTaHHHH Hewlett Packard. Peniemie ocHOBbiBaerc« Ha *iHCjieHHOM MoaejiH- 
pOBaHHH flBIDKeHH» KA.. CoBpeMeHHbie BbMHCJIHTejIbHbie cpe^CTBa H onra- 
MajibHoe nocTpoeHne nporpaMM H ajiropHTOB o6ecne*mBaioT BecbMa BHCO- 

Kyio cKopocTb nojiyqeHHH pesyjibraTOB. 

C.KyapiiBueB 



nporpaMMHMH KOMiureKc Hcnojib3yeTCü c 1991 roaa. OCHOBHOH ero 
OCOÖeHHOCTbK)   «BJI«eTCH   B03M03KHOCTb   MOflejIHpOBaHHJI   OrpOMHOTO   KOJIH- 
MecTBa pa3Hoo6pa3Hbix nojieTHbix cHTyaiiHH, ax aHajiH3a H onpe/jejiemra 
cnocoöoB ynpaBjieHH«. 3TO HBHJiocb OCHOBOH no^xo^a npH co3flaHHH KOM- 

ruieKca A/IA oöecneqeniM BO3MCOKHOCTH ero ncnojib30BHira wia ynpaBJiemra 
nojieTOM KA B mTaTHbix H HenrraTHbix cmy&uwix. 

C.KyzipHBii,eB 



JXvmaMWKa KA e CHCTCMOH raineHiw 
ynpyrHx Kojie6amiH ero KOHCTPYKD;HH 

O.n.KjiHineB, AH.MbiTapeB, E.H.PaÖHHOBHH, r.A.HypHJioB 
141070 r. KopojieB, MocKOBCKaa o6jiacrc> 

yji. IlHOHepcKa>i, 4 

PaccMaTpHBaeTCH  ^HHaMHKa      BWCOKOTOHHOH      opneHTanHH H 

CTa6puiH3aqHH KA, ocHameHHoro CHCTCMOH aKTHBHoro raiueHna ynpyrax 
KOJieöaHHÖ ero KOHCTpyKHHH. npeflnojiaraeTCu, HTO KA COCTOHT H3 
Kopnyca H, npHKpeiuieHHbix K HOMY, ynpyrax HJIH JKCCTKHX ajieMeHTOB, 
HanpHMep, naHejiefi CB, anreHH, noBoporabix miaT<popM H T.^. AnropHTM 
(J)OpMHpOBaHH5I    MaTeMaTHieCKMX    MOflejieH    flBIDKeHHH    KA    OCHOBaH    Ha 
MeTOfle cHHTe3a ero flHHaMiraecKHx xapaKTepncTHK, corjiacHo KOTOpoMy 
oöteKT   paccMaTpHBaeTCM KaK Haöop       cocTaBjraiomHX       ero 
no^KOHCTpyKUHH, (pymoiHOHHpyiomHx coBMecTHo. B ajiropHTMe 
yqHTMBaioTC5i HejiHHeHHbie ;scecTKocTHbie H /mccHnaraBHbie cBOHCTBa 
cHCTeMH    raiueHiw    KOJie6aHHH,    ocHOBaHHOH    Ha Hcnojib30BaHHH 
MarHHTOraflpoaHHaMHMeCKHX 3Cp(peKTOB, B03HHKaK»mHX B 
aneKTponpoBQZjHOH        3aMarHHraeHHOH        XHJIKOCTH. 3TH    aepcpeKTbi 
npOKBJDHOTCfl    B    o6jiaCTH    ÖOJIbIHHX HHCejI PeHHOJIbflCa    H 
CBÜ3aHbI      C      HHTeHCHBHWM      B3aHMOfleHCTBHeM      rHAPQZUiHaMHqeCKHX      H 
sjieKTpoMarHHTHbix BHxpeBwx nojiefi, BCjie^cTBHe KOTOporo cHCTeMa 
npHo6peTaeT CBOHCTBa ynpyro-flHccnnaTHBHOH cpe^bi, 9TO CBOHCTBO 

Hcnojib3yeTCH KaK wra rameHiw ynpyrax KOJieöaHHÖ KA, TaK H JJJIZ 

co3flaHHH     ynpaBJiÄK>mHx     B03#eHCTBHH     B     cncTeMe   opHeHranHH   H 
CTa6HJIH3aHHH. 

npHBe^eHbi pe3yjibTarbi MHCjieHHbix pacneTOB, KOTopwe noKa3biBaioT, 
HTO c Hcnojib30BaHHeM MarHHTorH^pOÄHHaMEFiecKoro racHTejiH MOXCHO 

6ojiee *ieM Ha nopaflOK noBbiCHTb JiorapH(pMKrcecKHe fleKpeMeHTbi ynpyrax 
Ko^eSaHHH KA. 

O.KjiHineB 



The Dynamics Problem of Spacecraft Having the System for Damping 
of Flexible Structural Elements Oscillations 

O.P. Klishev, A.I. Mytarev, B.I.   Rabinovich, G.A. Churilov 
TsNIIMASH 
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The dynamics problem of spacecraft (SC) high accuracy attitude control 
and stabilization having a special system for active damping of the elastic 
oscillations of its structural elements is considered. The SC is supposed to 
have the frame with some connected with it rigid or flexible elements, 
namely, whip arials and sun batteries' panels as well as some rotating ele- 
ments. 

The special algorithm is created for synthesis of the mathematical 
model of SC for structural dynamics simulation. The main idea concerns di- 
viding of the initial system on some more simple ones acting together (in 
dynamics sense). 

The nonlinear elasticity and dissipation of the damping system are 
taken into consideration. The system being considered is based on some 
magnetohydrodynamic (MGD) effects arising in the ferromagnetic liquid 
with high electrical conductivity. The liquid of such kind moving in mag- 
netic  field have the properties of flexible medium with dissipation. 

These effects being most distinct by the high values of magnetic Rey- 
nolds number concern the high interacting of hydrodynamic and magnetic 
vortex fields. Special devices using these properties are used for damping of 
the elastic oscillations of flexible elements of SC and for its attitude control 
and stabilization. 

Some results of numerical analysis are presented demonstrating that 
MGD damping device can raise the logarithmic decrement of the flexible 
structural SC  elements oscillations more than on the order. 

O. Klishev 



CHCTeMa HaBHraHHM, OpHeHTaUHH H CÖJIHSCeHHK OpÖHTaJIbHMX 

KocMH^ecKHX annapaxoB Ha 6a3e annapaTypw ciryrHHKOBoii HZBVLr&ujm 

(ACH) 

BO^HH H.B.,   EpaHeu B.H.,   MnxannoB M.B., 
rionyicaeB A.B., noqyxaeB B.H.,        HepeBKOB K.B. 

U,HVtMHALTJ;   pHWlf Kfl 
PaccMOTpeHa HHTerpHpoBaHHaü CHCTeMa HaBnranHH, opHeHrauriH a 

cöjiJDKemia c Hcnojit30BaHHeM ACH, paöoTaiomeö no cHraajiaM 
HaBHranHOHHbix cnyTHHKOB TjioHacc, HaBCTap H nceBflocnyTHHKa, 
ycTaHOBjieHHoro Ha cTaHUHH. 

noKa3aHM cymecTBeHHbie OTJIKHH« HaeojioraH pemeHHa 
HaBHrau;HOHHOH 3a^aqH KocwtmecKoro annapaTa (KA) OT peinemra 
HaBHrauHOHHofi 3a,na*iH Ha3eMHtix o6i>eKTOB, TpeSyiomefi «pyroö 
CTpyKTypfci nocTpoeHHH ACH. 

PaccMOTpeHM niHpoKHe BO3MO)KHOCTH ACH-TexHojiorHH jajin pemeHHa 
3aaan HaBHranHH, opnemanHH, ynpaBjieHHH JIBWK&HMQM H cöjiHJKeHHa KA, 
no3BojiHiomHe peajiH30BaTb 6ecnjiaT(popMeHHyio HHepuHajibHyio cncTeMy 
KA 6e3 Tpa^HUHOHHoro Hcnojib30Bamra aKcejrepoMeTpoB, #aTqHKOB 
yrjioBOH cKopocTH H yraoBoro nojioxeHHH, a TaioKe ocymecTBjiHTb 
BwcoKOTOHHoe HSMepenne napaMeTpoB OTHocnrejibHoro aBiDKerora KA npH 
c6jIHXeHHH   (C   TOHHOCTbK)  flO   CaHTHMeTpOß)   H   MeXc6opTOByiO   paÄHOCBH3b 
fljw oÖMeHa nncppoBOH HHcpopManneH cojiKxaeMbix KA. npe/yioxeHa 
yHHBepcajibHaH öjioHHaa cTpyjoypa nocTpoeHiw cHCTeMbi, B KOTOPOH 

3a#aqn KA onpeaejnnoT ee annapaTHbrä cocTaB (H3 CTaHflapTHoro pjma 
SJIOKOB) H MareMaTHHecKoe o6ecneqeHHe ee HHTepcpencHoro nponeccopa. 

nOKa3aHO,  HTO   Ha  COBpeMeHHOM  ypOBHe  pa3BHTHfl  ACH-TeXHOJIOrHH 
BecoBbie,   aHepreraqecKHe   H   CTOHMocTHbie   xapaKTepHCTHKH   CHCTCMW   B 

fleCOTKH     pa3     ffiOCe     COOTBeTCTByiOmHX     XapaKTepHCTHK     TpaßHUHOHHblX 
CHCTeM, ooecneqHBaiomHx pemeHHe nepeqncjieHHbix 3a«aq. 

BBe^eHHe 
B HacTojnnee BpeMfl urapoKoe pa3BHTne nojiyqmia annapaTypa 

cnyTHHKOBOH HaBHraHHH (ACH), Hcnojib3yeMa5i wx pememra 
HaBHraHHOHHOH 3afla*ra Ha3eMHbix noaBPDKHbix o6i>eKTOB innpoKoro 
KJiacca. 

npH 3TOM 3HaqHTejibHbie ycnexH ÄOCTHrayTbi B oöjiacTH 
MHHHaTK>pH3aHHH aimapaiypu. Tax, Bee aneicrpoHHOH njiaTbi, 
ocymecTBjiaiomeH npneivt H o^HOBpeMeHHyio o6pa6oTKy cHraajioB OT 12-18 
cnyTHHKOB HaBCTap H DioHacc, cocTaB^aeT 100-200 r., a noTpeojiemie 7-10 
BT. 

Hcnojib30BaHHe ACH B KocMHqecKOH TexHHKe no3BojiaeT 
npHHHHnHajibHO no-HOBOMy noaoirra K pemeHHio MHOITIX 3a#aq 
KocMiwecKOH TexHOjiomH.  B 3TOM cjiyqae, ÖjiaroAapa MHHHanopiöamiH 
ACH-T6XHHKH,    ee   HeBbICOKOH   CeÖeCTOHMOCTH,    B    KOCMHqeCKOH   TeXHHKe 
MoxeT npoH30HTH, B 6yKBajibHOM cMbicjie, peBojnoHHOHHHH nepeBopoT: 

H.BoflHH H flp. 



ACH-TexHOjiorHM MoaceT BbrrecHHTb, HJIH, no KpaÖHeH Mepe, 3HaHHTejibHo 
nOTeCHHTb      TpammHOHHyiO      KOCMHHeCKyiO      TexHOjioraio      HaBHraUHH, 
opneHTauHH, ynpaBjiemra H CBJöH. 

B HacToamee BpeMü Ha p*me KOCMHHecKHX annapaTOB yace 
Hcnojib3yeTca ACH HJIH pemeHHH saaan HaBurautra. OmraKo, KaK npaBHJio, 
3TO annapaTypa aBHanHOHHoro npHMeHeHHfl (B cMbicjie HfleojioraH 
pemeHHH HaBHrauHOHHOH 3£wa^H> annapaTHO npHcnocoojieHHan K 

ycjioBHHM KocMiraecKoro nojieTa. OcoöeHHocra 3aflan KOCMiwecKOH 
TexHojiorHH TpeöyioT co3/j,aHHH npHraninHajibHo HOBOH ("KOCMHHecKOH" no 
WjeojiorHH) KOMrüieKCHon cHcreMbi HaBHrannn (HaBHramiH B ninpoKOM 
CMbicjie, BKjno^aiomen HaBHrauHio uempa Macc, yrjioBoro ppvcKcnwi n 
oTHOCHTejibHoro flBPOceHHH npn cöjnraceHHH, onpejjejieHHe flHHaMirqecKHX 
napaMeTpoB KA H cncTeMbi ynpaBJiemra H T.ä.) Ha 6a3e ACH-TexHOjioran. 

B HacTOümeM aoKJiafle paccMOTpeHbi MeTOJibi pemeHHH 3a,n;a*i 
KocMEraecKOH HaBHrannH c ncnojib30BaHneM ACH-TexHOjioran H 

npe/yioaceHa cTpyi<rypa cncTeMbi, peajiH3yiomeH OTH MeTOflbi. 

1. 3a^aHH KocMHqecKOH HaBHranHH H BO3M02CHOCTH ACH- 
TexHOjiorHH B pemeHHH STHX 3aflaM 

B niHpoKOM CMbicjie KOCMiraecKaH HaBHrauHH BKJiKwaeT cjieAytomne 

■ onpeaejieHHe napaMeTpoB op6nTbi KA - a6cojnoTHaH HaBHranHn; 
■ onpe^ejieHHe napaMeTpoB yrjioBoro jraiüKeHHH KA - onpeflejieHHe 

opneHTanHH; 
■ onpeflejieHHe napaMeTpoB oTHOcnrejibHoro flBHJKeHHH flßyx KA npn 

cöjinaceHHH - oTHOcnrejibHaH HaBHraniw; 
■ onpe^ejieHHe ßHHaMHHecKHX napaMeTpoB KA H cncTeMbi 

ynpaBJieHHfl (Maccw, MOMCHTOB HHepnHH, nojioaceHHH nempa Macc, Tara 
ynpaBJifliomHX jTBHrareneH H T.H.). 

/. /. A6cojiK)THax HaBwraujM 
JXJIX öojibniHHCTBa opÖHTaubHbix KA, B TOM MHCjie Kopa6jieii "COK>3", 

"nporpecc", op6HTajibHbix cTaennn, Tpe6yeMan TOHHocTb 6ajiJiHCTHHecKHX 
onpeaejieHHH cocTaBjineT -100 M. JJJIH pemeHHH STOH 3aaaHH TpaanmioHHO 
Hcnojib3yioTC5i   MeTOÄbi   paflHOTpaeKTOpHbix   H3MepeHHH   B   TeneHHe   1-3 
BHTKOB  C  HCnOJIb30BaHHeM  Ha3eMHbIX H3MepHTeJIbHbIX nyHKTOB   (HHIIOB). 

HHIIbi npeflCTaBjunoT co6on floporocTOHmne coopyaceHHH, aKcraiyaramw 
KOTOpwx TpeGyeT SHaraTejibHbix MaTepnajibHbix 3aTpaT. 

Hcno^b30BaHHe ACH no3BOjineT onpe^ejüiTb opÖHTbi KA 
npaKTiwecKH MrnoBeHHO 6e3 ynacTHH 3eMJin. 

npn 3TOM cjie^yeT oTMeraxb cymecTBeHHoe oTjiHHHe B naeojiornn 
peinemra HaBHrannoHHOH 3a«aHH AJIH KocMHraecKHX annapaTOB H Ha3eMHbix 
noaBHXHbix oöbeKTOB. ßjm HaseMHbix o6beKTOB MOflejin HX flBHaceHHH, KaK 
npaBHJio, HeH3BecTHbi, H &FIH pemeHHH HaBHrauHOHHOH 3afla^H Heo6xo#HMa 
OflHOBpeMeHHafl BHflHMOCTb KaK MHHHMyM 4-X HaBHraHHOHHblX CnyTHHKOB. 
Moflejib    ÄBHaceHHH    KocMHMecKHX    annapaTOB    roBecraa    c    BMCOKOH 

TOMHOCTbK).    3TO    n03BOJIHeT    OCymeCTBJIHTb   ÄHHaMHHeCKyiO    (pHJIbTpaHHK) 
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H3MepeHHH,    6jiaro#ap5i    HeMy    opönra    MOJKCT    6bm>    onpe^ejieHa    no 
H3MepeHHHM TOJTbKO 2-X HaBHraHHOHHblX CnyTHHKOB. IIpH 3TOM 
H36bITOHHOCTb     HH(pOpMaqHH     MO^eT     HCnojIbSOBaTbCfl     flJM     nOBMIUeHHfl 
TOHHOCTH HaBHrauHOHHbix onpe,zjejieHHH, yroMHeHHa napaMeTpoB Moaejra 
ABiDKeHHa KA H T.n. TaK ecjiH «jia ACH, paOOTaromnx no C/A KQuy, 

To^HocTb MraoBeHHoro HaBnrannoHHoro onpeflejieHira cocTaBjraeT -100 M, 

TO onpe^ejieHne opÖHTw KA 3a cneT flHHaMHHecKon (pnjibTpanHM MoxeT 
öbiTb o6ecneneHo c TO*mocTbK> 10-20 M. 

OcoÖeHHocTH pemeHHH 3afla™ a6cojnoTHon HaBurannn Ha 6opTy KA 
HaKJia^WBaioT onpe^ejieHHyio cnenHcpHKy Ha CTpyicxypy HaBnranHOHHoro 
npneMHMKa. 

fljia o6brrabix ACH HaBHrannoHHaa 3a^aMa pemaeTca B 
HaBHrannoHHOM npoiieccope npneMHHKa. 

Ha KA w% pemeHHH KOMiuieKca 3aflan HaBHranHH HeoöxoziHMa 
ycTaHOBKa HecKOJibKnx aHTeHH H HecKojibKHx npneMHHKOB. Kabbln 
npneMHHK (popMnpyex 'cbipyio HHcpopManmo" (nceBfloflajibHocra H 

HHTerpajibHyio (pa3y) no BceM BHAHMMM (B "CBOIO" aHTeHHy) ciryrHHKaM. 
HojiyqaeMaa "cwpaa HH(popMamra" OT Bcex npneMHHKOB «ojuKHa 
o6pa6aTWBaTbCH B e^HHOM HaBHrannoHHOM nponeccope CHCTCMW 

coBMecTHo c MOßejibio flBiöceHEra H HHtpopManneH OT apyrax aHTeHH KA. 
TaKon nozjxoß ynpomaeT CTpyicrypy Ka^aoro npneMHHKa H nosBOJiaeT 
ocymecTBJiOTb KOMnjieKCHoe peineHne HaBHrannoHHOH 3afla*m c 
Hcnojib30BaHHeM nojmoro o6i>eMa HHtpopMannn, VLMevmxemcx Ha KA. 

1.2. Onpexejieime opneHTaifim 
AJI« SojibiUHHCTBa op6HTajibHbix KA TpeßyeMaa TOMHOCTB opHeHTannn 

cocTaBJiaeT 0.2-0.5°. Tpa^nnnoHHo opHeHTanira onpe^ejraeTCH c noMombio 
pa3jiHHHbix «aTOHKOB yrjioBoro nojiojKeHJM (aaTHHKa BepTHKajin, 
cojiHe^Horo ÄaTHHKa n T.n.), HSMepemw KOTopbix (pnjibTpyioTca 
6ecnjiaT<popMeHHOH HHepnnajibHOH CHCTCMOH (BHC), nocrpoeHHon Ha 
6a3e H3MepeHHH ^aTHHKOB yrjroBon cKopocra (ffYC). 

C noMombio ACH, ncnojibsya MeTOfl HHTepcpepoMeTpHH, yrjioBoe 
nojiojKeHHH KA MoaceT onpe/iejim-bcji c TOMHocTbio 0.2-0.3°. H3MepeHira 
MoryT ocymecTBJiHTbCü B peajibHOM BpeMeHH c HacTOToö ~1 nj. upn 3TOM, 

ojiaroflapa oßHOBpeMeHHoö o6pa6oTKe cHraajioB OT MHOTHX cnyraHKOB,' 
peajTHsyeTcs cymecTBeHHaa HsÖbiToraocTb HSMepemiH, KOTopaa Moacex 
Hcnojib30BaTbca jwx noBbimeHMH TOHHOCTH, a TaiöKe jym pemeHna p*ma 
ÄonojiHHTejibHbix 3a#a*i (TaKnx, Kax pacKpbirae cpasoBoft 
Heonpe^ejieHHocTH, oTÖpaKOBKa cnyTHHKOB, flaromnx OTpajKeHHbie cnraajibi 
H T.n.), noBbimaiomHx Ha^exHocTb H ßocTOBepHocTb yrjioBbix 
onpeziejieHHH. H3MepeHHH Moryr (pHJibrpoBaTbCJi c noMombio 
TpaÄHHHOHHOH BHC, nocTpoeHHon Ha 6ase RYC. 0#HaKo, B HacToameM 
aoKjiaae paccMaTpHBaeTca BHC, He HcnojibsyromaÄ #YCbi, a ocHOBaHHa* 
Ha MeToae HHTeripHpoBaHna flHHaMHnecKnx n KHHeTiraecKHx ypaBHeHHH 
HBWKQHWI KA. 

EjioK-cxeMa TaKofi BHC npnBe^eHa Ha PHC. 1. B npHBefleHHon cxeMe 
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6JIOK JiyC 3aMeHeH MOflejibio ynpaBJiaiomnx H B03MymaioinHX MOMCHTOB H 

MOflejibio KA, peaJiH3yiomeH pemeHne mmauwiccKax ypaBHeHHH 3fijiepa. 

B npHBeaeHHOH cxeMe oneHKa BeKTOpa yrjioBOH CKOPOCTH KA (0| 
KoppeKTHpyeTca no pa3HocTH onemcH BeKTOpa yrjioBoro uonoMQwm H 

H3MepeHHH SToro BeKTOpa c noMombio ACH. 
npH    HeßOCTaiOTHOM    3HaHHH    MOßejIH    MOMeHTOB    H    MOflejIH    KA, 

napaMeTpbi OTHX MOflejien TaKsce Moryr KoppeKTHpoBaTbca no H3MepeHHflM 
ACH,  oöecneHHBafl  caMOHacTpoMy OTHX  napaMeTpoB  Ha  HX peajibHbie 

3Ha*ieHira. 
PaccMOTpeHHe KOHKperabix ajiropHTMOB Mo,n;ejiHpoBaHHJi H KoppeKUHH 

npeflCTaBjDieT CO6OH caMocTOflTejibHyio saaany H BWXOäHT 3a paMKH 
HacToamero AOKJiafla. 

PeajiH3amra paccMOTpeHHOH BMC no3BOjmeT ocymecTBJMTb 
(pHJibTpauHio yraoBbix H3MepeHHH ACH, oöecneHHBaa TOHHocrb 
onpezieneHHH opneHTannH -0.1°, a Tarace no3BOjraeT HMeTb HHcpopMannio 
06 yrjioBOM nojioaceHHH KA npn BpeMeHHOM oTcyrcTBHH H3MepeHHH OT 

ACH (HanpHMep, B nponecce yrjioBoro MaHeBpHpoBanira KA). 
/Jjra pemeHHa yrjioMepHoö 3a#ara Ha KA AOJDKHM 6biTb ycraHOBJieHbi 

HeCKOJIbKO    aHTeHH    H,    COOTBeTCTBCHHO,    HeCKOJIbKO    npHeMHHKOB    ACH. 
HmpopMamra OT STHX npneMHHKOB flojDKHa o6pa6aTbiBaTbca B e/JHHOM 
nponeccope. To ecTb, zm« pemeHHH 3aflann opHeHTannn, KaK H fljra 
peniemra    3an;aHH    a6cojnoTHOH    HaBnranHH    nejiecoo6pa3Ha    crpyKiypa 
CHCT6MM,        B       KOTOpOH       npHCMHHKH       ACH       (fropMHpyEOT        "Cbipyio" 
HH(popMaHHio, o6pa6aTWBaeMyio B eflHHOM oömeivt äJW Been cncTeMbi 
HaBHrauHOHHOM nponeccope COBMOCTHO C MOflejibio KA (H ero arieMeHTOB) 
H HHCJJOpMaHHeH OT ÄpyrHX CHCT6M KA. 

1.3. OmocHTejibHasi HaBHraww 
PenieHHe 3aaa*ra OTHocHTejibHon HaBHrannn äOJISKHO o6ecne*iHBaTb 

onpeziejieHHe napaMeTpoB OTHOcHrejibHoro flBKDKeHira flByx c6jinacaeMbix 
KA c 6ojiee BMCOKHMH TOHHOCTAMH (no cpaBHeHHio c aöcojnoTHOH 
HaBnranneH) JW* no#roTOBKH n BbinojiHemra CTWKOBKH. 

Tpa^HnHOHHWH MeTqa, pemeHHH 3an;aHH OTHocHTejibHon HaBnranHH 
npe^nojiaraeT coBMecTHyio o6pa6oTKy HH(popManHH OT 4-X H 6onee 
o^HHaKOBbix cnyTHHKOB, nojiy^aeMon Ha 2-x KA. ßjin peinemra TaKofi 
3ajiaqH Tpe6yeTca MeacöopTOBaK pa#HOjiHHH» (MEPJI), o6ecneHHBaiomaji 
nepeaany npHHOTOH cnyTHHKOBOH HHtpopManmi OT ozmoro KA K /jpyroMy. 
ToHHocTb peinemra 3ajwm OTHocHTejibHon HaBnranHH TaKHM MCTOAOM 

cocTaBjiaeT 3-5 MeTpoB no nojioateHHio n ~I CM/C no CKopocTH. TaKaa 
TOMHOcTb He flocTaTO^Ha fljia BbinojiHeHHH CTWKOBKH, HO oHa o6ecne*raBaeT 
6jiaronpHHTHbie HaqajibHwe ycjioBH« jym pa6oTW 6ojiee TO^HWX CHCTCM. 

3aflaMa onpeflejieHH« napaMeTpoB oraocHTejibHoro flBHSceHHfl c 
To^HocTbK) 3-5 MeTpoB npeflCTaBjraeT C060H 3aflany npe/i,BapHTejibHOH 
OTHocHTejibHon HaBnranHH. BTopaa 3aaana OTHOCHTejibHOH HaBnranHH - 
onpeuejieroie napaMeTpoB oTHocHTejibHoro flBHiKeHira c TOHHocTbio 
HeCKOJIbKO caHTHMeTpoB, ÄOCTaroHHOH flJiH o6ecneMeHH5i CTHKOBKH 2-X KA. 
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B HacTOümeM floiuiafle paccMaTpHBaeTca B03MoxcHocTb pemeHira ßpyx 
ynoMÄHyrbix sajißn HCKJiioHHTejibHO cpeflCTBaMH ACH-TexHOjioran 
(BKJiioMaH peajiH3aii;Hio MBPJI). 

B    TpammHOHHOM    Mexoae    penieHHH    3afla*ra    npeßBapirrejiLHOH 
OTHOCHTejIbHOH     HaBHTanHH     TpeÖOBaHHe     BHflHMOCTH     4-X     O^HHaKOBblX 
cnyTHHKOB oflHOH aHTeHHofi ACH KA H OC »BJiaeTca ^pe3BbnaHHo 
acecTKHM H AajieKo He Bcerna MoaceT 6biTb BbinojiHeHO. Tax KA npn 
cöjiiuKeHHn ocymecTBJiaeT yrjioBoe MaHeBpHpoBaHHe, B pe3yjibTaTe 
KOToporo ocb aHTeHHbi ACH H3MemieT cBoe HanpaBjieHHe B UIHPOKOM 

ZIHana30He yrjioB. OC B nponecce cßjnraceHiw coxparoieT, KaK npaBHjio, 
CBOK)  OpHeHTaUHK)   B   OpÖHTajIbHOH   CHCTeMe   KOOpflHHaT,   OßHaKO   aHTeHHbi 
ACH OC cymecTBeHHo 3aTeHflioTCfl ajieMenraMH KOHCTpyKUHH 
(cojiHe^HbiMH öarapeMMH, pazmaTopaMH H T.n.), KOTOpbie H3MeHinoT CBoe 
npocTpaHCTBeHHoe nojiojKeHHe BO BpeMeHH. HoaTOMy B nponecce 
cßjiHxeHHH B Te*ieHHe HeKOToporo BpeMeHH oömne cnyrHHKH (wn ACH 
KA H OC) Moryr Boo6me oTcyTCTBOBaTb HJIH HX KojiEraecTBO MoxceT 6biTb 
MeHee 4-x. Run Toro, HTO6M pemeHHe 3a^aq ee 3aBHcejio OT TaKHx 
cHTyauHH, B CHCTeMe flojDKHbi 6biTb npeaycMOTpeHw cneimajibHbie Mepbi. 
OZIHOH    H3    Taraix    Mep    HBjiHeTCÄ    peajiH3anHH    BHC    AJM    3a,o,a*ffl 
OTHOCHTejIbHOrO «BiDKeHH». BMC flOJIJKHa (pOpMHpOBaTb oneHKy 
napaMeTpoB OTHocHTejibHoro mvDKeimx nyreM HHTerpnpOBaHira ypaBHeHHH 
OTHocHTejibHoro flBHaceHH« c yneTOM paöoTbi Bcex flBHraTejieö KA. BHC 
MOjKeT SbiTb nocrpoeHa TpazmnHOHHO Ha 6a3e flYC H aKcejiepoMeTpoB, a 
Mo>KeT, no aHanoran c BHC, npeflCTaBJieHHoii Ha pnc.I., Ha 6a3e 
MoaejiHpoBaHiM pa6oTbi HcnojiHHTejibHbix opraHOB H pememra 
AHHaMimecKHx ypaBHeHHH aBHHceHHH KA (B aaHHOM cjiy^ae KaK yrjioBoro 
flBHxeHHa, TaK H nocTynaTejibHoro). Koppeicmra BHC flojooia 
ocymecTBJMTbCH no pe3yj[bTaTaM H3MepeHHH oflHOHMeHHbix cnyTHHKOB Ha 
KA   H    OC.    npH    3TOM   ftJM   KOppeKHHH    BHC   flOJDKHbl    HCnOJIb30BaTbC3 
H3MepeHHa or Bcex ACH KA H OC, a cxoflHMOcrb oneHOK napaMeTpoB 
OTHocHTejibHoro «BHJKeHHa, (popMHpyeMbix BHC, flojiacHa o6ecneHHBaTbca 
npH OflHOBpeMeHHOM HajIITOHH H3MepeHHH OT JIK)6orO HHCJia OflHOHMeHHWX 
cnyTHHKOB, aaxe ecjin 3TO HHCJTO MeHee 4-x. 

PaccMOTpeHHaü BHC MOXBT 6biTb peajiH30BaHa B HaBHrannoHHOM 
npoueccope cncxeMW, B KOTopMH nocTynaeT "cbipaa" HH<i>opMamw OT Bcex 
npneMHHKOB ACH KA, ynpaBjijnounie cHraajibi Ha BKjnoneHHe flBHraTejien 
KA (JIH6O cHTHanH J\YC H aKcejiepoMeTpoB), a Taioice HH<popMamra OT 

MBPJI     C     HaBHraHHOHHbIMH    H3MepeHH«MH     npHeMHHKOB    ACH     OC     H 
napaMeTpaMH opHeHTauHH OC. 

MBPJI Mo*:eT 6biTb peajirooBaHa KaK He3aBHCHMan pa^HocHCTeMa, 
oöecne^HBaiomaa O6MCH nncppoBOH HHCpopManneH Meagxy OC H KA. 

O^HaKO, cjieayeT 3aMeTHTb, HTO npneMHHK ACH npeacraBJUieT CO6OH 

MHoroKaHajibHbiH    paflHonpneMHHK,     npHcnoco6jieHHbra    mix    npneMa 
HHCJDpOBOH HHCpOpMaHHH. 

HpoBeaeHHbie npopaÖoTKH noKa3ajiH, qio npH o6beMe npHHHMaeMOH 
HH^pOBOH   HH(pOpMaHHH   HeCKOJlbKO   KÖOT   (HTO   BIIOJIHe   flOCTaTOHHO   flJM 
peniemra 3aaaHH OTHocnrejibHOH HaBKrannn) He3HaHHTejibHaü flopa6oTKa 
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pememra HaBHranHOHHoii samara, TaK H /yia peuieHH« psyja Hayrao- 
TexHtwecKHX 3afla>i. 

PaccMaTpHBaeMaa B HacTomueM flOKJiswe KOMroieKCHaü cncTeMa 
HaBHranHH Ha 6a3e ACH-TexHOJioraH no3BOjineT 3a c*ieT npeHH3HOHHhix 
4>a30BMX     H3MepeHHH     H     HX     H36bITOlIHOCTH     C     flOCTaiOTHO     BHCOKOH 
TOTHOCTMO onpeflejiHTL ynoM5myrbie napaMeTpbi. IIpHHeM, B npoHecce 
peajiroaijHH peineHHsr HaBHraiiHOHHOH 3a^aHH c Hcnojib30BaHHeM BMC, 
nocTpoeHHOH Ha ocHOBe caMOHacTpaHBaiomeHCÄ Mo^ejiH KA H 

HcnojiHHTejibHbix opraHOB, 3Ta 3afla*ia pemaeTca aBTOMaTHHecKH: HCKOMbie 
napaMexpbi onpe^ejiHioTCfl H3 Koa^cpHUHeHTOB MOflejien, nojiyqeHHbix B 

pe3yjibTaTe caMOHacTpoHKM. 
Cjie/iyeT 3aMeTHTb, MTO (J)opMHpyeMaji B pe3yribTaTe caMOHaerpoHKH 

MOflejib oöecneMHBaeT BbicoKOTOHHoe peineHHe HaBHrauHOHHOH 3aflaHH, HO 

He Bcerfla H3 napaMeTpoB STOH MO^ejiH oßH03HaHHO onpe,aejurK)TC5i 
HCKOMbie napaMexpbi. HanpHMep, npH onpeflejieHHH Maccw KA H THTH 

KoppeKTHpyromero ßBiiraTejm B pe3yjTbTaTe caMonacTpoHKH MoaejiH c 
BbicoKOH TOHHocTbio onpeflejrarcfl oTHonieHHe rani K Macce KA, a HX 

a6cojiioTHbie 3HaHeHH« ocTaiOTca HeH3BecTHMMH. B OTOM cjrynae, 
HanpHMep, JJJVI onpe^ejieHHa Maccbi opÖHTajibHOH cTaHHHH 
npeflBapHTejibHo Moacer 6brrb c BHCOKOH TOMHOCTbio onpeaejieHa Tara 
ÄBHraTejiH  KA  BO  BpeM»   aBTOHOMHoro  nojieTa  (T.K.   Macca   KA  nocjie 
BblBeaeHHH H3BeCTHa C BblCOKOH TOMHOCTblo). 3aTeM HOCJie CTHKOBKH KA H 
OC B nponecce icoppeKUHH op6nTbi OC flBHrarejieM KA MoaceT 6biTb c 
BbicoKOH TOMHOCTbio onpe,n;ejieHa Macca OC. QjejiaHHoe saMe^amie 
oTHocHTca H K onpeflejieHHio aöcojiioTHbix 3Ha*ieHHH Apyrax HCKOMWX 

napaMeTpoB. 

2. CTpyxrypa cHcxeMbi 
AHajiH3 3a#aH H ocoÖeHHOcTen KocMHHecKoö HaBHraHHH no3Bojraji 

pa3pa6oTaTb yHHcpHHHpoBaHHyio crpyKTypy CHCTeMbi, o6ecne*raBaiomeH 
peineHHe Bcex paccMoxpeHHbix Bbinie 3SißßH. CrpyKTypHaü cxeMa 
npefljiaraeMOH CHCTCMM npHBe^eHa Ha pnc.3. 

CncTeMa BKJiioHaeT n npneMHHKOB ACH (ACHl-ACHn), m 
nepeÄaTHHKOB (ni-rini) H TpH HaBHraHHOHHbix npoHeccopa HIll-Hri3). 
IlpHeMHHKH, nepe^aTHHKH H HaBHraHHOHHbie npoHeccopbi oSbe^HHeHbi B 

ceTb no HHTepcpency PC 485. HaBHraHHOHHbie nponeccopw cB«3aHbi c 
EHBC KA nepe3 MyjibranjieKCHbiH KaHan o6MeHa MKO. 

KojiEraecTBo npneMHHKOB ACH H nepe^aTHHKOB onpenejraioTCii 
3aaaHaMH KA, Tpe6oBaHHHMH no HaaejKHoera CHCTeMbi. HanpHMep, jyin 
paccMOTpeHHbix   Bbime   sajxaH   HaBHraHHH   nnjioTHpyeMoro   Kopa6jw   H 

OpÖHTajIbHOH CTaHHHH MHHHMajIbHMH COCTaB CHCTeMbi KA -5 npH6MHHKOB 
ACH,   a   Art«   OC   -   TpH   npHeMHHKa   ACH   H   QZHIH   nepeflaT^HK.   B 
3aBHCHMOCTH  OT  CTeneHH  pe3epBHpOBaHHÜ  SJieMeHTOB  CHCTeMbi,  JIHÖO fljra 
peiueHH» flonojiHHTejibHbix 3a^aH (HanpHMep, o6ecneHeHH5i flByxcTopoHHen 
CBH3H   KA-OC)   KOJIH^eCTBO   npHeMHHKOB   H   nepeflaTMHKOB   MOaceT   6bITb 
yBejiiweHo. 

HaBHrauHOHHbiH nponeccop ocymecTBjraeT ynpaBJieHHe annapaTypon 
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CHCTeMW, o6pa6oTKy Been npHHHMaeMOH HH(popManHH OT ACH H EIJBC 
KA, peineHHe Bcex HaBHraHHOHHWx 3a«a^. HFI HBJiaeTCH xpaHHrejieM 
eziHHoro  cHCTeMHoro  BpeMeHH   (zyra   Bcex ACH),   KOTopoe   B   nponecce 
paÖOTbl ACH CHHXpOHH3HpyeTC5I C CHCTeMHWM BpeMCHeM UTC USNO HJIH 
UTC SU, aBJiaeTCü HCTOHHHKOM TOHHOTO BpeMeHH äJIH EUBC KA. fljm 
oSecneMemra pa6oTbi Bcex ACH B e/uiHOM BpeMeHH H ynpomerara pemeHira 
MHornx HaBHraHHOHHMX 3amxi Bee ACH sanHTbiBaioTCÄ OT e#HHoro 
reHepaTopa nacTOTbi, ycTaHOBjieiiHoro B Hn. 

C   HejIbK)   pe3epBHpOBaHHfl   B   COCTaB   CHCTeMW   BKJHOHeHW   Tpn   HÜ, 
pa6oTaromHe B XOJIOAHOM pe3epBe. Biono^eHHe pe3epBHbix Hn 
ocymecTBjiaeT EUBC KA. 

PaccMOTpeHHaa cacxeMa HBiaeTC« yHHBepcajibHOH H MoxeT 6bm> 
Hcnojn>30BaHa Ha JIIOöOM opOnrajTbHOM KA, BKjnoHaü reocTannoHapHbie 
KA, HocHTejiH, pa3roHHbie öJIOKH H T.#. B 3aBHCHMocTH OT 3a/iaq KA 
onpegejKteTCH cocTaB CHCTeMW H nporpaMMHoe oöecneneHHe  Hn.   npH 
3TOM,   eCJIH   B   paCCMOTpeHHOH   Ha  pHC.3   CXeMe   HH   JIBJiaeTCfl   OKOHeHHWM 
ycTpoäcTBOM fljiH EUBC KA, TO, npH Heo6xo#HMOCTH, Hn MOXeT 
BbinojiHiiTb pojib H EUBC K\, aBJiasfCb KonrpojiepoM H ocymecTBJiaH 
ynpaBJieHHe BceMH CHCTeMaMH KA no HHTepcpeftcy PC 485 HJIH MKO. 

Cjie^yeT OTMeTHTb TaioKe, *ITO npefljiojKeHHaa CHCTeMa MOJKCT 

o6ecneHHBaTb H «ByxcTopoHHioK) nncppoByio cBJi3b c 3eMjieö, ocymecTBjura 
(pyHKHHH   KOMaHflHO-TejieMeTpKqeCKOH   paflHOJIHHHH.    fljlfl   aToro   B   ACH 
ÄOJDKHM 6biTb npeaycMOTpeHbi cooTBeTCTByromne KaHajibi CBH3H, a B 

cocTaB CHCTeMW BKJiioqeHM cooTBeTCTByioinHe nepeflaTHHKH. B 3TOM cjiy*iae 
paccMaTpHBaeMaa cncreMa 6yzjeT oöecneiHBaTb peineHHe Bcero KOMnjieKca 
3anm ynpaBJieHHH KOCMHqecicoro annapaTa. 

3. OyHKHHOHHpOBaHHe CHCTCMbl 
PaCCMOTpHM 4>yHKHHOHHpOBaHHe CHCTeMbI Ha npHMepe 

nocjieflOBaTejibHoro peinemw 3aflan HaBHranMH H ynpaBjieHna 
nmioTHpyeMoro KA, BWBOflHMoro Ha op6Hiy «JIH CTWKOBKH c OC. ByaeM 
npe^nojianiTb, HTO napaMeTpw opÖHTW OC H3BecTHbi H 3a6jiaroBpeMeHHo 
BBeaeHbi B Hn KA. 3a6jiaroBpeMeHHO B Hn BBQZWTCH TaiOKe ajibMaHaxn 
cnyTHHKOB H pac^eTHbie napaMeTpw opÖHTbi KA nocjie BWBeAeHira. nocjie 
BbiBe^eHHa Ha opÖHTy KA HaxoflHTca B HeopneHTHpoBaHHOM nojiojKeHHH H 

ero yrjiOBan CKopocTb cocTaBJiaeT 3-5 °/c. 

npH BKJiioHeHHH CHCTeMW, 3Ha5i ajibMaHaxn cnyTHHKOB H rpyÖwe 
napaMeTpw opÖHTw, ACH o6ecne*iHBaioT 6wcTpbrä noHCK cHraajioB 
cnyTHHKOB H rpy6oe onpejjGJiemie yniOBOH cxopocTH KA. nocjie ranieHHH 
yrjioBOH cKopociH peuiaeTca 3a#a*m a6cojnoTHOH HaBHraHHH KA H 

opHeHTauHH, ocymecTBjiaeTCü nocipoeHHe opÖHTajibHoft opneHTaHHH c 
Hcnojib30BaHHeM BHC Ha ocHOBe Mo^ejiH KA H HcnojiHHTejibHbix opraHOB. 
no H3MepeHHWM napaMeTpaM op6nTW KA H H3BecTHWM napaMeTpaM 
opÖHTbi OC B EUBC KA pemaeTca, a 3aTeM peajiH3yeTcs[ 6ajuiHCTHHecKa5i 
3aflaHa BbiBe^eHHa KA B TOHKy BCTpenn. 

To^Ka BCTpe^H KA H OC pacc^HTbiBaeTca H3 ycjioBHH nonaaaHHa KA 
B     o6jiacTb     pa/iH03axBaTa     CHraajia     nepe^aTqHKa     OC.     npHHHMa* 
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oflHoro   H3   KaHanoB   npneMHHKa   ACH   HOSBOJIHT   eMy   oflHOBpeMeHHO 

BbinojiHüTb pojib npneMHHKa MBPJI. 
nepeaaTHHK MBPJI npn yxasaHHbix o6beMax nepe^aBaeMOH 

HH(popMauHH Taoce MOxeT 6biTb peajiH30BaH Ha aHajioraHHbix 
TexHmecKHX peuieHHflX H MOKQT 6biTb BbinojmeH B BHfle MHHHaTiopHoro 
sKOHOMHHHoro npn6opa, HenocpeÄCTBeHHO ynpaBJiaeMoro HaBHranHOHHbiM 

npoiiieccopoM cHcreMbi. 
PeineHHe 3am^u npeflBapHTejibHOH oTHOcHTejibHoii HaBHrauHH 

no3BOJiKeT ocymecTBJiHTb cönsraceHHe ÄByx KA no paccToaHHH HecKojibKo 
Äec5iTKOB MeTpoB, nocjie Mero B ynpaBjieHHe BKJiKwaeTCfl cHCTeMa TOHHOH 

oTHocHTejibHOH HaBHranHH, HanpHMep, JiasepHaa CHCTeMa OTHocHTejibHOH 
HEBHramffl, Tpe6yiomaH 3HaHH» HanajibHoro BeKTopa COCTO«HHM C 

ZtocTaTOHHo BMCOKOH TOHHOCTbio. Qmaico, B HacTomneM flOKJUWe 
paccMaTpHBaeTc» CHCTeMa TOHHOH OTHocHTejibHOH HaBHramra, 
nocTpoeHHan Ha npmnmnax ACH-TexHOjioran. 

Pa6ary TaKOH cHCTeMbi B IIJIOCKOM cjiyiae HjuirocTpHpyeT pHc.2. Ha 
6opTy KA ycTaHaBJiHBaioTca ACH-npneMHHKH c aHTeHHaMH Al-A4, Ha 
6opiy OC - ACH-npHeMHHKH c anreHHaMH AQI, AQ2 H nepeflaTHHK III. 

no cHraajiaM cnyrHHKOB npHHHMaeMbix aHTeHHaMH Al, A2 H AQI, 

AQ2 onpeaejraeTc« opneHTanHH cooTBexcTBeHHo KA H OC. nepeAaraHK ni 
Hcnojib3yeTca B KanecTBe nepeflarqHKa UH(ppoBOH HHcpopMaHHH, a Taicace 
BbinojiHaeT pojib nceBflOcnyiHHKa - (pasa ere» Hecymero enraana 
Hcnojib3yeTC5i wia peinemra 3a#aHH TOHHOH OTHocHTejibHOH HaBHranHH. 
O^Ha H3 aHTeHH A2-A4 HcnojibsyeTC» AM npneMa HH(ppoBOH HHCpopMannn 

OT nepeÄaTHHKa HI. 
Ha aHTeHHM A2-A4 npHHHMaioTCM cnraajibi nepeßarqHKa ni, 

BbiflejiaeTCH Hecymnii cHraaji H (pHKCHpyioTca B HeKOTopwe MOMCHTM 

BpeMeHH      cooTBeTCTByiomHe      3Ha*ieHH5i      (pa3      Hecymero      CHraajia 

Cp2, (p3, <P4- 
no 3HaneHHHM (pas <p2, cp3, (p4 onpefleMeTca flajibHOCTb L (paccTOHHHe 

Me^ay   A3   H   ni)   H   yroji   a,   onpe#ejunomHH   HanpaBJieHHe   JIHHHH 

BH3HpOBaHHH      (yTOJI      Me>K3y      npOflOJIbHOH      OCbK)      CHMMeTpHH      KA      H 
HanpaBJieHHeM A3-ni): 

L- ^ ^1 (1) 
2((p4 +cp2-2(p3)l0| 

a = arazn(^<^]4 (2) 
271        I  | 

rae       1 - aHTeHHan 6a3a - paccTOHHHe Meaqry aHTeHHaMH A2-A4; 
10  - fljiHHa BOJTHbi Hecymero CHraajia. 

OopMyJIbI   (1)   H   (2)   flM   HpOCTOTbl   npHBefleHbl   C  TOHHOCTbK) 
\2t 

u 
npH Majibix paccTOMHHiix Mexony KA H OC pacneT ÄOjraeH npoH3BOflHTCM 
no TOHHbIM (popMyjiaM. 

B npocTpaHCTBeHHOM cjiyiae onpe^ejieHHe flajibHocra H HanpaBjieHira 
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Ha nepeflaTHHK ocymecTBjiaeTCfl no H3MepeHHHM ox 4-x aHTeHH, Tpn H3 
KOTOpbix  pacnojiaraioTCu   no  OKPPKHOCTH,   a  neTBepTaa  B   oKpecTHocra 
IieHTpa OKpyXCHOCTH. 

norpeniHocTb onpeflejieHHH HanpaBJieHira H flajibHocra 3aBHCHT OT 

aHTeHHOH 6a3bi 1, norpeniHocra HSMepeHH« <pa3bi 8<p H flajibHocra: 

Äa«—-5-1 (3) 
2TT 

~8<p. r"Lf AL«^l0l (4) 

ripH aHTeHHOH 6a3e l=1.5.MeTpa, fljiHHe BOJIHW Hecymen ^ = 20 
caHTHMeTpoB H norpenmocra onpeflejiemw (pa3bi 5° TOHHOCTB onpeflejieHiw 
HanpaRneHHH Ha OC coeraKiaeT -0.1°, a TOHHocxb onpeaejieHira ÄajibHocra 
onpeuejuieTCÄ no cpopMyjie: 

AL = 3ööCr)2h     (5) 

ßjisi «ajibHocTH 100 MeipoB AL=10 MeTpoB, Ha flajibHocra 10 MexpoB 
ÄL=0.1 MeTp, Ha flajibHocTH 1-2 MeTpa TOMHocTb onpeflejieHira aajibHocra 
cocTaBjiüeT BejiHraHHy nopjmKa 1 CM. 

IlapaMeTpbi opneHTanHH KAHOC (onpeaejiaeMHe. no H3MepeHHüM OT 

aHTeHH Al, A2, H AQI, AQ2), BeKTop OTHocnrejibHOH cKopocTH 
(onpeflejiaeMbiH B nponecce pemeHHH 3a#a*ffl npe^BapHTejibHOH 
oTHocHTejibHOH     HaBHramm),     flajibHocTb     H     HanpaBJieHHe     JIHHHH 

BH3HpOBaHHH   nOJIHOCTblO   Onpe^ejIMIOT   BeKTOp   COCTOHHH3   OTHOCHTejIbHOrO 
flBEDKeHira, Heo6xOflHMbIH flJIfl BbinOJIHeHHÜ CTbIKOBKH.  npH 3TOM TOHHOCTb 
onpeaejieHHü BeKTopa COCTOHHHH Ha Majibix paccToarorax cocTaBjraeT ~1 
caHTHMeTp no nanöxemno n 1CM/C no CKopocTH, HTO Bnojme flocraronHo 
JU19L BbinOJIHeHHH CTbIKOBKH. 

B npocTpancTBenHOM cjiyqae K aHTeHHaM Al-A4 Heooxo^HMo 
aoöaBHTb ronyio aHTeHHy A5, pacnojioxcHB HX TaKHM o6pa30M, HTOÖM 

aHTeHHbi Al, A2, A5 o6pa30BbiBaiiH TpeyrojibHHK B HTIOCKOCTH ropn30HTa 
(npn opÖHTajibHOH opneHTanHH KA), aHTeHHbi A2, A4, A5 o6pa30BbiBajra 
TpeyrojibHHK B ILIIOCKOCTH HopMajibHoft npo^ojibHon OCH KA, a aHTeHHa A3 
pacnojiarajiacb B oKpecTHocra nempa SToro TpeyrojibHHKa. üpn STOM 

aHTeHHbi A2, A5 «OJEKHM 6bm> ycTaHOBJieHbi TaKHM o6pa30M, HTOÖW 

oöecneHHBaTb o^HOBpeMeHHyio BHäHMOCTB HaBHrannoHHbix cnyrHHKOB 
(wn penieHHü 3aflara opHeHTannn)  H nepe#aTqnKa OC  (jujin pememw 
3afla'IH TOHHOH OTHOCHTejIbHOH HaBHTanHH). 

1.4. OnpmejieHHe ßHHaMiPiecKHX napaMerpoB KA H CHCT6MM 
ynpaBJieHHH 

AHHaMHHecKHe napaMeTpbi KA H CHCTCMW ynpaBjieHna BionoqaioT 
Macc-HHepHHOHHbie xapaKTepHCTHKH KA, KoopznmaTbi ero neHTpa Macc, 
raroBbie xapaKTepHCTHKH ^BHraTejiefi KoppeKHHH H opneHTaHHH H T.R. 

3HaHne  3THX  napaMeipoB  Heo6xoflHMO  KaK wn  noBwmeHHfl  TOHHOCTH 
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HHcJiopMamiio OT cHCTeMbi HaBHrauHH OC, KA peajiH3yeT pejKHM 
npe^BapHTejibHOH oTHocHTejibHOH HaBHrauHH H ocymecTBjiaeT nofljieT K OC 
Ha ÄHCTaHUHio 100-200 MeTpoB, nocjie Hero peajiH3yeTca pejKHM TOHHOH 

OTHOCHTejIbHOH HaBHraUHH, npiWajIHBaHHe H CTblKOBKa. 

3aKJHOHetffle 
npHMeHeHHe ACH- TexHOjioran no3BOjiaeT B 6yKBajibHOM cMbicjie 

npOH3BeCTH peBOJIIOUHK) BO Been TexHHKe H TexHOJioraH ynpaBjieHHH 
OpÖHTajIbHbIMH KA..  MHHHaTIOpHaH H 3KOHOMHHHaü CHCTeMa HaBHraUHH H 
ynpaBjieHH« Ha 6a3e ACH-rexHOJiorHH cnocoÖHa 3aMeHHTb uejibrä 
KOMruieKc rpoM03«KHX H floporocToamHX CHCTeM KA, cymecTBeHHo 
ynpocTHTb 3ajwiy Ha3eMHoro conpoBOiKflerara nojieTa. 

PaccMOTpeHHaa B aoicjiaae CHCTeMa aBTOHOMHO o6ecne*iHBaeT 
peiueHHe 3a^aH HaBHrauHH, opneHTauHH, c6jnaceHHH H npiwajiHBaHHH, 
HH(ppoBofi CBS(3H KA-OC. npH pa3pa6oTKe cooTBeTCTByiomero Ha3eMHoro 
cerMeHTa CHCTeMa MoxceT oSecne^HBaTb ßByxcTopoHHioio HHCppoByio 
paÄHocB5i3b 6opT-3eMjifl, peajiH3ya (pyHKHHH KOMaHflHo-TejieMeTpHHecKOH 
paflHOJIHHHH. 

npefljioaceHHaa 6jioHHaa cTpyicrypa CHCTeMbi ^ejiaeT ee yHHBepcajibHofi 
C TOHKH 3peHHH IipHMeHeHHfl Ha JII060M Op6HTanbHOM KA, OT MaJIblX 
CHyTHHKOB   flO    ÖOJIblHHX   OpÖHXaJIbHblX   KOMnJieKCOB.    B    3aBHCHMOCTH   OT 
3aaaq KA annaparaaa qacTb CHCTCMW HaÖHpaeTca H3 orpaHirqeHHoro ps«a 
yHHcj)HHHpoBaHHbix ÖjioKOB, H TOJibKO nporpaMMHaa HacTb pa3pa6axbiBaeTC5i 
nofl KOHKpeTHblH KA. 

BecnpeHe^eHTeH aKOHOMiwecKHH 3cp<peKT, KOTopbiH MoaceT 6biTb 
ÄOCTHrHyr npH BHenpeHHH CHCTeMbi. HH3Kaa ce6ecT0HM0CTb, MajibiH Bee H 

3HepronoTpe6jieHHe annaparypM, yHHBepcajibHocTb CHCTeMbi, ynpomeHHe 
jieTHoro conpoBoaqjeHHJi IKWBOJWT B JXQCHTKM pa3 CHH3HTb pacxoflfai Ha 
pa3pa6oTKy,   H3roTOBJieHHe  H jieTHoe  conpoBO)K#eHHe  oflHoro  H3  caMbix 
AOpOrOCTOUDTHX CerMeHTOB KOCMKPieCKOH TeXHHKH. 

H.EoflMH H AP- 



System of Navigation, Orientation and Rendezvous of Orbital Space 
Vehicles on the Basis of the Satellite Navigation Equipment (SNE) 

Bodin N.B., Branets V.N., Mikhailov M.V., Pochukaev A.V., Pochukaev 
V.N., Tcherevkov K.V. 

Integrated system of navigation, orientation and rendezvous with the use 
of SNE, working on signals of the navigating satellites Glonass, Navstar and 
pseudo-satellite, established on the station is considered. 

Essential differences of ideology of a space vehicle (SV) navigation 
task's fulfillment from the fulfillment of ground objects' navigation task, 
requiring other structure of SNE construction are shown. 

Ample opportunities of SNE-technology for the fulfillment of SV 
navigation, orientation, control of motion and rendezvous tasks, allowing to 
realize platformless inertial SV system without traditional use of 
accelerometers, gauges of angular speed and angular position, and also to 
carry out precise measurement of a SV relative motion parameters at 
rendezvous (accurate to centimeters) and inter-board radio communication 
for an exchange of the digital information of the approached SV are 
considered. The universal block structure of system construction, in which SV 
tasks define its hardware structure (from a standard number of blocks) and 
software of its interface processor, is offered. 

It is shown, that on a modem level of SNE-technology development the 
weight, power and cost characteristics of the system are in tens of time lower 
than the appropriate characteristics of traditional systems, ensuring the 
decision of the listed problems. 

Introduction 
At the moment the wide development was received by the satellite 

navigation equipment (SNE), used for the fulfillment of a ground mobile 
objects of a wide class' navigation task. 

Thus the significant success is achieved in the equipment 
miniaturization area. So the weight of an electronic plate, carrying out 
reception and simultaneous processing of signals from 12-18 Navstar and 
Glonass satellites makes 100-200 grams, and consumption 7-10 watt . 

Use of SNE in space engineering allows to approach the solution of 
many problems of space technology principally on - new. In this case, thanks 
to miniaturization of SNE-engineering, its low cost, in space engineering 
might take place, in literal sense, the revolutionarily radical changes: the 
SNE-technology can supersede, or, at least, to push significantly traditional 
space technology of navigation, orientation, control and communication. 

At the moment on a number of space vehicles SNE is already used for 
the fulfillment of navigation tasks. However, as a rule, it is the equipment 
used in aviation (in sense of ideology of the navigation task fulfillment) 
which hardware is adapted to conditions of space flight. The peculiarities of 
space technology tasks require creation of essentially new ("space" on 
ideology)   complex   system   of navigation   (navigation   in   a   broad   sense, 
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including navigation of center of mass, angular motion and relative motion at 
rendezvous, determination of SV dynamic parameters and control system, 
etc.) on the basis of SNE-technology. 

In the present report methods of the space navigation tasks' fulfillment 
with use of SNE-technology are considered and the structure of system, 
realizing these methods, is suggested. 

1. The tasks of space navigation and opportunities of the fulfillment 
of these tasks given by SNE-technology. 

In a broad sense the space navigation includes the following tasks: 
• Determination of an orbit SV parameters - absolute navigation; 
• Determination of an angular SV motion parameters - determination 

of orientation; 
• Determination of the relative motion of the two SV at rendezvous 

parameters - relative navigation; 
• Determination of dynamic SV parameters and control system 

(weight, moment of inertia, position of center of mass, thrust of control 
engines and etc.). 

/. /. Absolute navigation 
For the majority of orbital SV, including vehicles "Sojuz", "Progress', 

orbital stations, the required accuracy of ballistic determinations makes 
approximately 100 m. For the fulfillment of this task, the methods of radio- 
trajectory measurements during 1-3 revolutions with the use of ground 
measuring stations (GMS) are traditionally used. GMSes represent expensive 
structures, the operation of which requires significant material inputs. 

Use of SNE allows to determine SV orbits practically instantly without 
participation of ground. 

Thus it is necessary to note the essential difference in ideology of the 
fulfillment of a navigation task for space vehicles and ground mobile objects. 
For ground objects the model of their motion, as a rule, is unknown, and for 
the fulfillment of a navigation task simultaneous visibility of the 4 navigation 
satellites as a minimum, is necessaiy. The model of space vehicles' motion is 
known with high accuracy. It allows to carry out dynamic filtering of 
measurements, due to that the orbit can be determined on measurements of 
only 2 navigation satellites. Thus the redundancy of the information can be 
used for increase of navigation determinations' accuracy, specification of 
parameters of an SV motion model, etc. So if for SNE, working on C/A 
code, accuracy of instant navigation determination makes approximately 100 
m, the determination of an SV orbit at the expense of dynamic filtering can 
be supplied with accuracy 10-20 m. 

The peculiarities of an absolute navigation onboard of SV task's 
fulfillment impose a certain specificity on the structure of the navigation 
receiver. 

For  usual   SNE  the   navigation  task  is  fulfilled   in  the   navigation 
processor of the receiver. 
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On SV for the fulfillment of a complex of navigation tasks, the 
installation of several aerials and several receivers is necessary. Each receiver 
forms "the crude information" (pseudo-range and integrated phase) on all 
visible (in "its" aerial) satellites. Received "crude information" from all 
receivers should be processed in the uniform navigating processor of a system 
together with the model of a motion and information from other SV aerials. 
Such approach simplifies the structure of each receiver and allows to carry 
out the complex fulfillment of a navigation task with use of complete volume 
of the information, being available on SV. 

1.2. Determination of orientation 
For the majority of orbital SV the required accuracy of orientation 

makes 0.2-0.5°. Traditionally orientation is determined with the help of 
various gauges of an angular position (gauge of a vertical, solar gauge, etc.), 
the measurements of which are filtered by a platformless inertial system 
(PIS), constructed on the basis of measurements of gauges of angular speed 
(GAS). 

With the help of SNE, using a method of interferometry, the angular 
position of SV can be determined with accuracy 0.2-0.3°. Measurements can 
be made in real time with frequency approximately 1 Hz. Thus, due to 
simultaneous processing of signals from many satellites, is realized the 
essential redundancy of measurements, which can be used for the increase of 
accuracy, and also for the fulfillment of a number of additional tasks (such as 
discovery of phase indefinite, rejecting of the satellites, giving reflected 
signals, etc.), raising safety and reliability of angular determinations. The 
measurements can be filtered with the help of the traditional PIS, constructed 
on base of GAS. However, in the present report the PIS, not using GASes, 
and based on a method of dynamic and kinetic equations' integration of SV's 
motion is considered. 

The block-scheme of such PIS is shown on fig. 1. In the scheme the 
block GAS is replaced by the model of control and perturbing moments and 
SV model, realizing the solution of Euler's dynamic equations. In the scheme 

the estimation of a vector of SV angular speed «I is corrected on a 
difference of an estimation of an angular position vector and measurements 
of this vector with the help of SNE. 

At insufficient knowledge of moments' model and SV model, the 
parameters of these models can also be corrected on measurements of SNE, 
providing self-set-up of these parameters with their real values. 

The consideration of particular algorithms of modeling and correction 
represents an independent problem and leaves the frameworks of the present 
report. 

The realization of the considered PIS allows to carry out the filtering of 
SNE angular measurements, providing accuracy of determination of 
orientation approximately 0.1°, and also allows to have the information on an 
SV angular position at temporary absence of measurements from SNE (for 
example, during the angular maneuvering of SV). 

N.Bodin etc. 



For the fulfillment of angular measuring task, a few aerials and, 
accordingly, a few SNE receivers should be established on SV. The 
information from these receivers should be processed in the uniform 
processor. That is, for the fulfillment of an orientation task, as well as for the 
fulfillment of a task of absolute navigation, the structure of system, in which 
the SNE receivers form the "crude" information, processed in uniform, 
common for all the system navigation processor together with SV model (and 
its elements) and the information from other SV systems, is expedient. 

1.3. Relative navigation 
The fulfillment of a relative navigation task should provide 

determination of a relative motion parameters of the two approaching SV 
with higher accuracies (in comparison with absolute navigation) for 
preparation and the fulfillment of docking. 

The traditional method of the fulfillment of a relative navigation task 
assumes joint processing of the information from the 4 and more identical 
satellites, received on the 2 SV. For the fulfillment of such task an inter- 
board radioline (IBRL), ensuring the transfer of the accepted satellite 
information from one SV to the other is required. The accuracy of the 
fulfillment of a relative navigation task by such method makes 3-5 meters by 
a position and approximately 1 centimeter/second by speed. Such accuracy is 
not sufficient for the fulfillment of docking, but it provides the favorable 
entry conditions for work of exact systems. 

The task of determination of a relative motion parameters with accuracy 
of 3-5 meters represents a task of preliminary relative navigation. The second 
problem of relative navigation is determination of a relative motion 
parameters with accuracy a few centimeters, sufficient for maintaining the 
docking of the 2 SV. 

In the present report an opportunity of the fulfillment of the two 
mentioned tasks only by the means of SNE-technology (including realization 
of IBRL) is considered. 

In a traditional method of the fulfillment of a preliminary relative 
navigation task the requirement of visibility of the 4 identical satellites by one 
SNE aerial of SV and OS is extremely severe and not always can be carried 
out. SV at rendezvous carries out angular maneuvering, in result of which the 
axis of SNE aerial changes the direction in a wide range of angles. OS during 
rendezvous keeps, as a rule, orientation in orbital system of coordinates, 
however SNE aerials of OS are considerably shaded by the elements of the 
construction (solar panels, radiators., etc.), which change their spatial position 
in time. Therefore in the process of rendezvous during some time the 
common satellites (for SNE of SV and OS) may all be absent or their 
number may be less than 4. To make the fulfillment of the task independent 
of such situations, special measures should be stipulated in the system. One of 
such measures is realization of the PIS for a relative motion task. PIS should 
form an estimation of parameters of a relative motion by integration of the 
relative motion equations, taking into consideration the work of all SV 
engines.   PIS   can   be   constructed   traditionally   on   base   of   GAS   and 
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accelerometers, and also, by analogy to the PIS, shown on fig. 1, can be 
constructed on the basis of modeling work of the executive organs and 
solution of the dynamic equations of a SV motion (in this case of an angular 
motion, as well as translational). The correction of PIS should be made 
according to the results of measurements of the same satellites on SV and 
OS. Thus for correction of PIS the measurements from all SNE of SV and 
OS should be used, and the convergence of estimations of a relative motion 
parameters, formed by PIS, should be provided at simultaneous presence of 
measurements from any number of the same satellites, even if this number is 
less than 4. 

The considered PIS can be realized in the navigation processor of the 
system, which receives"crude" information from all SNE receivers of SV, 
managing signals on turning on the engines of SV (or signals of GAS and 
accelerometers), and also information from IBRL with navigation 
measurements of SNE receivers of OS and parameters of orientation OS. 

IBRL can be realized as an independent radio-system, ensuring an 
exchange of the digital information between OS and SV. 

However, it is necessary to notice, that the SNE receiver represents the 
multichannel radioreceiver, adapted to reception of the digital information. 

Carried out examinations have shown, that at volume of the accepted 
digital information of several kbytes (that is quite enough for the fulfillment 
of a relative navigation task) the insignificant completion of one of the 
channels of the SNE receiver will allow it to carry out simultaneously a role 
of the IBRL receiver. 

The IBRL transmitter at the specified volumes of the transmitted 
information can also be realized on the similar technical decisions and can 
be constructed as a miniature economic device, managed by the navigation 
processor of system itself. 

The fulfillment of a preliminary relative navigation task allows to carry 
out approachement of the two SV up to distances of a few tens of meters, 
then the system of exact relative navigation, for example, the laser system of 
relative navigation, requiring the knowledge of an initial vector of condition 
with rather high accuracy, joins the management. However, in the present 
report the system of exact relative navigation, constructed on principles of a 
SNE-technology, is considered. 

Work of such system in a planar case is illustrated on fig.2. Onboard of 
SV SNE-receivers with aerials Al-A4 and onboard of OS SNE-receivers with 
aerials A01, A02 and transmitter Tl are installed. 

On signals of the satellites received by the aerials Al, A2 and A01, A02 
orientation of SV and OS accordingly is determined. The transmitter Tl is 
used as the transmitter of the digital information, and also carries out a role 
of the pseudo-satellite - phase of its carrying signal is used for the fulfillment 
of an exact relative navigation task. One of aerials A2-A4 is used for 
reception of the digital information from the transmitter Tl. 

On aerials A2-A4 the signals of the transmitter Tl are received, carrying 
signal is allocated and appropriate meanings of a carrying signal <p2, cp3, q>4 
phases are fixed in some moments of time. 
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On values of phases q>2, q>3, (p4 range L (distance between A3 and Tl) 
and angle a, determining a direction of a sight line (an angle between a 
longitudinal axis of SV symmetry and a direction A3-T1) is determined: 

L= 5Ü  
2((p4+(p2-2(p3)l0| (1) 

a = arcsm ———-rl 
2TI      I I (2) 

Where    L - aerial base - distance between aerials A2-A4; 
LO - length of a wave of a carrying signal. 

The formulas (1) and (2) for simplicity are brought with accuracy 

L^ I. At small distances between SV and OS the calculation should be 
made under the exact formulas. 

In a spatial case the determination of the range and direction to the 
transmitter is made according to the measurements from the 4 aerials, three 
of which are placed on a circle, and fourth in a vicinity of the center of a 
circle. 

The error of determination of a direction and range depends on the 
aerial base 1, error of measurement of a phase 8cp and range: 

2JC I I (3) 

2TT    VI J  | (4) 
At the aerial base 1=1.5 meters, length of a carrying wave 10 = 20 

centimeters and error of determination of a phase 5°, accuracy of 
determination of a direction on OS approximately makes 0.1°, and the 
accuracy of determination of range is determined under the formula: 

AL = 1   (\-\ 
2 

- 
360\\) |M (5) 

For range 100 meters A L=10 meters, on range 10 meters A L=0.l 
meter, on range 1-2 meter the accuracy of determination of range makes size 
about 1 cm. 

The parameters of SV and OS orientation (determined on measurements 
from aerials Al, A2, and A01, A02), vector of relative speed (determined 
during the fulfillment of a preliminary relative navigation task), range and 
direction of a viewfmding line completely determine the vector of the 
condition of a relative motion, necessary for the fulfillment of docking. Thus 
the accuracy of determination of the condition vector on small distances 
makes approximately 1 centimeter on situation and lem/s on speed, which is 
quite enough for the fulfillment of docking. 
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In a spatial case it is necessary to add the fifth aerial A5 to aerials Al- 
A4, arranging them so that aerials Al, A2, A5 formed a triangle in a plane of 
horizon (at orbital orientation of SV), aerials A2, A4, A5 formed a triangle in 
a plane of a normal longitudinal axis of SV and the aerial A3 placed in a 
vicinity of the center of this triangle. Thus the aerials A2, A5 should be 
established so that to provide simultaneous visibility of the navigation 
satellites (for the fulfillment of an orientation task) and of the OS transmitter 
(for the fulfillment of an exact relative navigation task). 

1.4. Determination of dynamic parameters of SV and control system 
Dynamic parameters of SV and the control systems include the mass - 

inertial characteristics of SV, coordinates of its center of mass, thrust 
characteristics of correction and orientation engines, etc. The knowledge of 
these parameters is necessary for the increase of accuracy of the navigation 
task fulfillment, as well as for the fulfillment of a number of technological 
tasks. 

The complex system of navigation on base of SNE-technology 
considered in the present report, allows at the expense of precision phase 
measurements and their redundancy to determine with rather high accuracy 
the mentioned parameters. And, during carrying out the fulfillment of a 
navigation task with the use of PIS, constructed on the basis of self-adapting 
SV model and executive organs, this task is fulfilled automatically: the 
required parameters are determined from coefficients of models, received in 
result of a self-set-up. 

It is necessary to notice, that the model, formed in result of a self-set- 
up, provides the precise fulfillment of a navigating task, but not always the 
required parameters are unequivocally determined from the parameters of this 
model. For example, at determination of SV weight and thrust of the 
correction engine in result of self-set-up of the model, the ratio of thrust to 
SV weight will be determined with high accuracy, and their absolute values 
will remain unknown. In this case, for example, for determination of the OS 
weight, the thrust of the SV engine can previously be determined with high 
accuracy during independent flight (since SV weight after insertion is known 
with high accuracy). Then after the docking of SV and OS during correction 
of an OS orbit by SV engine, the weight of OS can be determined with the 
high accuracy. The made remark concerns the determination of absolute 
values of other required parameters as well. 

2. Structure of system 
The analysis of problems and peculiarities of space navigation has 

allowed to develop a unified structure of system, ensuring the fulfillment of 
all above considered tasks. The block diagram of the suggested system is 
shown on fig. 3. 

The system includes n of SNE receivers (SNEl-SNEn), m of 
transmitters (Tl- Tm) and three navigation processors (NP1-NP3). 
Receivers, transmitters and navigation processors are incorporated into a 
network on the interface of PC 485. The navigation processors are connected 
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with BDCS of SV through the multiplex channel of an exchange MCE. 
The number of SNE receivers and transmitters is determined by SV 

tasks, requirements on reliability of the system. For example, for the above 
considered navigation tasks of a manned vehicle and orbital station the 
minimum structure of SV system is 5 SNE receivers, and for OS - three SNE 
receivers and one transmitter. Depending on a degree of redundancy of the 
system elements, or for the fulfillment of additional tasks (for example, 
maintenance of bilaterial communication SV-OS) the number of receivers 
and transmitters can be increased. 

The navigation processor carries out management of the system 
equipment, processing of all the received from SNE and BDCS of SV 
information, fulfillment of all navigation tasks. NP is the keeper of the 
uniform system time (for all SNE), which during the work of SNE is 
synchronized with system time UTC USNO or UTC SU, it is a source of 
exact time for BDCS of SV. For maintenance of work of all SNE in uniform 
time and simplification of the fulfillment of many navigation tasks all SNE 
are fed from the uniform generator of frequency, established in NP. 

With the purpose of reservation, the structure of the system includes 
three NP, working in a cold reserve. Turning on the reserve NP is carried out 
by BDCS of SV. 

The considered system is universal and can be used on any orbital SV, 
including geostationary SV, earners, acceleration blocks, etc. Depending on 
the tasks of SV the structure of system and NP software are determined. 
Thus, if in the circuit considered on fig. 3 NP is the terminal for BDCS of 
SV, then if necessary, NP can carry out a role of BDCS of SV as well, being 
the controller and carrying out the management of all the SV systems on the 
interface of PC 485 or MCE. 

It is also necessaiy to note, that the suggested system can provide a 
bilaterial digital communication with the Earth, carrying out the function of 
a command-telemetering radioline as well. For this purpose in SNE the 
appropriate channels of communication should be stipulated, and the 
appropriate transmitters, should be included to the structure of a system. In 
this case the considered system will provide the fulfillment of the whole 
complex of tasks of a space vehicle control. 

3. Functioning of the system 
We shall examine the functioning of the system on the example of the 

sequential fulfillment of the taste of navigation and control of the manned 
SV, inserted into an orbit for rendezvous with OS. We shall assume, that the 
parameters of OS orbit are known and beforehand are entered to NP of SV. 
Beforehand the almanacs of the satellites and the settlement parameters of 
SV orbit after leading out are also entered in NP. After leading out on an 
orbit SV is in non-oriented position and its angular speed makes 3-5 °/sec. 

At turning on the system, knowing the almanacs of the satellites and the 
rough parameters of an orbit, SNE provides fast search of signals of the 
satellites and rough determination of SV angular speed. After dumping 
angular speed a task of SV absolute navigation and orientation is fulfilled, the 
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construction of orbital orientation with the use of PIS on the basis of SV 
model and executive organs is carried out. On measured parameters of SV 
orbit and known parameters of OS orbit in BDCS of SV the ballistic problem 
of leading SV out to a point of meeting is calculated and then fulfilled. 

The point of meeting of SV and OS is calculated from conditions of 
SV's hitting the area of radiocapture of the OS transmitter signal. Receiving 
the information from OS system of navigation, SV realizes a mode of 
preliminary relative navigation and carries out the approach to OS on a 
distance of 100-200 meters, then a mode of exact relative navigation, final 
approach and docking is realized. 

The conclusion 
Application of SNE-technology allows in literal sense to make 

revolution in the whole engineering and technology of orbital SV 
management. Miniature and economic system of navigation and management 
on base of SNE-technology is capable of replacing the whole complex of 
bulk}' and expensive SV systems, essentially simplify a task of the ground 
support of a flight. 

The system considered in the report independently provides the 
fulfillment of tasks of navigation, orientation, rendezvous and docking, digital 
communication SV-OS. At development of the appropriate ground segment 
the system can provide bilaterial digital radiocommunication board - Earth, 
realizing the function of a command-telemetering radioline. 

Offered block structure of the system makes it universal from the point 
of view of application on any orbital SV, starting from the small satellite up 
to large orbital complexes. Depending on SV tasks the hardware of system is 
collected from a limited number of unified blocks, and only the program part 
is developed for a particular SV. 

Economic benefit, which can be achieved at introduction of the system 
is unprecedented. The low cost price, small weight and quantity of the 
consumed energy of the equipment, universality of the system, simplification 
of the flying support will allow to lower in tens of time the charges on 
development, manufacturing and flying support of one of the most expensive 
segments of space engineering. 
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O paflHOHHTep4>epoMeTpHHecKOH noflCHcreMe Ha3eMHoro 

KOMiuieKca ynpaBjieHHH KA. 

CMHimiaeBa TS. IJHHHMAIII, r.KopojieB yji.riHOHepcKa« 4, 
npoxopoB B.A. IJHHHMAIH, r.KopojieB yji.IlHOHepcKafl 4, 

CTapocTHH B.H. PKA, r.MocKBa, yji.mEIIKHHA 42, 
Tcji. 513-51-47 

B CBH3H c yMem>meHHeM  Ha  TeppHTOpHH  Haineft   cTpaHM ^HCJia 
Ha3eMHbIX KOHTpOJIbHO-HSMepHTejIbHblX IiyHKTOB, BbmOJIH5HOmHX TpaeK- 
TOpHbie, KoopflHHaTHbie H HaBHranHOHHbie H3MepeHira HC3, PH H PB, 
Kpatoe aKTyajibHOH cTajia 3a^a^a noBbiiiieHira TOHHOCTH yKa3aHHbix 

H3M6peHHH npH MaKCHMEUIbHOH  3KOHOMHH  CpeflCTB.   OflHHM  H3     Ba- 
pHaHTOB   peineHHa STOH npoÖjieMbi aBjraeTca   npHMeHeraae   paznroacTpo- 
HOMHHeCKHX (pa30CTa6HJIbHbIX HHTep(pepOMeTpOB, n03BOJIHK>mHX npOBO^HTb 
H3MepeHHa yrjioBbix KOOpflHHar oöbeKTOB H napaMeTpoB HX TpaeKTopnfi 
AIKpCpepeHUHajIbHMM  MeTOflOM  C  BMCOKOH TOHHOCTbK)  IIpH  HajIHHHH flByX- 

Tpex nyHKTOB cjieiKerora. 
AHaJIH3  CpaCJOMeTpHHeCKHX     MeTOflOB     KOOpßHHaTHblX     H3MepeHHH,  a 

HMeHHO    paflHOaCTpOHOMPraeCKHX    HHTep4>epOMeTpOB,     KaK BblCOKOTOqHHX 
(pa30H3MepHTejibHbix      HHCTpyt^eHTOB,      noKa3WBaeT,    *ITO    npHMeHemie 
nOCJie^HHX  flJM  TpaeKTOpHWX   H   KOOpflHHaTHblX   H3MepeHHH,      KOHTpOJIH   H 
yqeia BJIHHHHH cp&jm pacnpocTpaHeHira pa^HOBOjiH MoaceT o6ecne*iHTb B 

coneTaHHH co nnaTHMMH HaBHrauHOHHMMH cpeflCTBaMH cymecTBeHHoe 
noBbiineHHe scpcpeKTHBHocra paflHOTexHiroecKHX cpe^cTB cjieaceHiw 3a KA. 

B cHCTeMax uaJibHeö KOCMHHCCKOH CBü3H (AKC) OCOöO aKTyajibHWMH 
HBjiaEOTca 3a«aHH onpeflejieHHü nojioaceHHW KA H yBejiHMeHHH flajibHocTH 
npneMa cHraajioB KA. 3aflana TOTiHoro onpeAeJieHHfl KoopflMHar H CKO- 

POCTH KA Ha aajieKHX OT 3eMjiH opönrax peuiaeTCH c noMoiHbio PCflB, HO 

npH   3TOM   CWeBHfleH   OCHOBHOH   HeflOCTaTOK       -       3HaHHTejIbHOe       (       flO 
HecKOjibKHX cyroK) BpeMM Mexcay npneMOM cHraajia H nojiyqemieM pe- 
3yjibTaTa (ipaeicropHH nojieTa),KOTOpbiH HCKjnonaeT B03MoxHocTb npHMe- 
HeHHH PQZJE wn onepaTHBHOH paßoTbi no HH3Koop6HTanbHbiM HC3,PH H 

PB. KpoMe 3Toro,He peajiH3yioTC5i BO3MO:>KHOCTH pa3peraeHHH rjioÖajibHwx 
HHCTpyMeHTOB H3-3a pa3jiHHHbix annapaTypHbix, MeTOflHraecKHX H BHeuiHHX 
(paKTOpoB. Majio6a30Bbie (OT COTCH MeTpoB äO 100 KM) cHcreMbi HMeioT paa 

npeHMymecTB, a HMCHHO: 

1) nepeaana «aHHbix zura o6pa6oTKH BejieTca B peajibHOM BpeMe- 
HH, HTO no3BOJi5ieT yMeHbuiHTb «o npeaejia "BpeMH B03Bpara", TO ecTb Bpe- 
MH Meagry npneMOM flaHHbix, nojiyqeHHeM pe3yjibTaTa H Bbwweii COOTBCT- 

cTByioiuHX KOMaHÄ Ha KA; 
2) KoppejMHHOHHaa o6pa6oTKa B   peajibHOM   BpeMeHH   no3Bo- 

jweTnpHMeHüTb TexHHKy H MeroßHicy o6pa6oTKH Majio6a30Bbix CHCTCM H 

HCKJIKTCHTb HeflOCTaTKH PCflE; 
3) 061HHM reTepo^HH    HJTH cHHXpoHH3HpyeMbie reTepoflUHbi 

ocjiaöjiHioT Tpe6oBaHHÄ K qacTOTHOH cTa6HJibHocTH reHepaTopoB; 

r.CMbiniJifleBa H ap. 



4) yMeHMuaioTCfl OIUHöKH, oßycjioBjieHHbie HecTa6HJibHocTbK> 
cpeflM 
pacnpocTpaHeHHa, Tax KaK na Majibix 6a3ax STH 3(J»(peKTW oömne #JIJI 

oöenx npneMHbix aHTeHH; 
5) öojibiiiHe nepHOAU HHTepcpepeHUHOHHOH KapTHHbi H Heorpa- 

HEraeHHOCTb Bwöopa KajiHÖpoBOHHbix BHe3eMHLix paflHOHCTWiHHKOB no 
BbicoTe noßbeivia Haß ropH30HTOM oöjierqaior 3anncb H rpacpHK npose- 
aeHnaKajiHÖpoBo^Hwx Ha6jiiofleHHH H Taoce cHEDKaioT BJIHHHHC aTMo- 
ccpepw Ha (pa3y curaajia; 

6) 6jiaroflapa TOHHOMY onpeaejiemno BejiHranHbi 3aAep3KKH cnr- 
HajioB OT napbi aHTeHH H CBe«eHHK> HX B nyHKT o6pa6oTKH B peajibHOM 
BpeMeHH B03MOXHO cyMMHpoBaraie cHrHanoB Bcex npHeMHbix aHTeHH no 
BbicoKOH nacTore 6ea npezmapHTejibHon 3anncH orpoMHbix oöbeMOB 
HHCpOpMaHHH   (*ITO Booöme npoojieMaTHHHo). 

JUjia   COXpaHeHHM   H   pa3BHTHfl   HayHHO-TeXHHqeCKHX   flOCTEDKeHHH   B 
o6jiacTH HHTep4)epoM6TpiRecKHX MeTo^oB pa3pa6oxaHbi npefljioxeHHH no 
co3flaHHio cHCTeMbi Haöjnoflemia KocMHHecKHX annapaTOB Ha (poHe BHe- 
3eMHbix paAHOHCTOHHHKOB c noMombio Majio6a30Bbix HHTepipepoMeTpHHe- 
cKHXKOMnjieKcoB. Ha6jiK),aaii nooqepe^Ho paflnoncTOMHHKH H KA, RBimy- 
mnecH no Heöy na <poHe paflnoHciOTHHKOB, MOJKHO onpe^ejiHTb yrjioBbie 
KOopflHHaTbi nocjieflHero c BecbMa BWCOKOH To^mocTbio, TaK KaK Koop/jn- 
HaTbl OnOpHWX paflHOHCTOHHHKOB H3BeCTHH c norpeuiHocTHMH 0,01-0,001 
yrjroBOH ceKyHflbi. 3Ta OTtpcpepemiHajibHafl MeTo^HKa BHCOKOTOHHWX HaBH- 
rannoHHbix H3MepeHnfi yrjioBbix KoopflHHaT H arceMeHTOB opÖHTbi KA no- 
3BOjraeT cymecTBeHHo yMeHbiuHTb norpeniHocra nsMepeHnn, oöycjioBJieH- 
Hbie BjiHHHHeM axMoc<pepbi 3eMJiH H apyraMH (paKTopaMH. 

Co3aaHne na 6a3e HeKoxopwx aHTeHHbix KOMnjieKCOB Ha3eMHbix H3- 
MepnrejibHbix   nyHKTOB   paÄHoacTpoHOMHHecKHX   Majio6a30Bbix   cpa3ocTa- 
ÖHJIbHblX   HHTep(pepOMeTOpOB       HQ3BOJIHT   npOBOflHTb    npenH3HOHHbie    H3- 
MepeHHH yrjioBbix KoopflHHar KA flHtpcpepeHUHajibHbiM MeTo^oM OTHOCH- 

TejIbHO pa ÄHOHCTOHHHKOB H  CymeCTBeHHO nOBHCHTb TOMHOCTHOH  noTeH- 
inian HarannoHHbix cpe^cTB. 

Mcxo.ua H3 BbimecKa3aHHoro, MOJKHO onpe^ejinTb cjie^yiomHe 3Tanw 
pa6oTbi no co3#aHHio paanoHHTepcpepoMeTpHqecKOH no^cncxeMbi Ha3eMHo- 
ro KOMEüieKca ynpaBJieHPra KA. 

a)- 3KcnepHMeHTajibHbie nccjie,n;oBaHH« no TpaeKTopHbiM H Koopan- 
HaxHHM H3MepHHH»M c HcnojibsoBaHHeM <pa30CTa6njibHbix Majio6a30Bbix 
HHTep<pepoMeTpOB: 

-oTpaßoTKa ajiropHTMOB pacnexoB H nporpaMMHoro oöecnene- 
HHa H3MepeHHH Ha flßyxaneMeHTHOM HHCTpyMeHTe c nepeMeHHon 6a3on 
OT 15 no 130 M Ha ^acTOTe 151 Mra. npn npHeMe cnraajioB HC3 rana 
"TpaH3HT"; 

- pa3pa6oxKa HJIH npno6pexeHHe y3JioB annapaTypw Ha ^acxoxbi 
930, 1200,1600 Mrn (niTaTHwe pa6oHHe ,zmana30Hbi oxe^ecxBeHHbix KA 
M HHC3 'TJIOHACC"); npoBe^eHne KoopflUHaxHbix H TpaeKTopHbix H3- 
MepeHHH flByxarceMeHTHbiMH HHxepcpepoMexpaMH ÄeiniMexpoBoro anana- 
30Ha flMcpcpepeHmiajibHbiM MexoßOM; 

r.CMbiuuiHeBa H jip. 



6) MaTeManmecKoe MOflejiHpoBaHHe 3aziaHH nejieyKa3aHna wra BM- 

6opa napaMeTpoB npHCMHoro i*HTep(pepoMeTpH*iecKoro KOMimeKca c yqe- 
TOM pe3yjibTaTOB 3KcnepHMeHTaiibHbix HCCjieflOBaHHH; 

B) MaTeMaTHraecKoe MOnejinpoBaHne 3aflaHH c nejibio onpeflejiemra 
oirraMajibHOH KOH4)Hrypau,HH KOMimeKca H nponeflypbi H3MepemiH; 

r)  paccMOTpeHHe BonpocoB coBMemeHH» paziHoacTpoHOMKraecKHX 
H HaBHnmHOHHbix aHTeHHbix cpicTeM, annapaTypbi H MCTOäHK H3MepeHHH; 

A)   pa3pa6oTKa  xexHiwecKHX   npe/yioaceHnn   no   Hcnojib30BaHHio 
HMeiOIIHlXCfl Ha3eMHMX   npHeMHWX   KOMIIJieKCOB       flJia    KOOpflHHaTHMX     H 
TpaeKTopHbix H3MepeHHH no coBMemeHHbiM MeTOflHKaM. 

e) co3^aHHe KaTaitora BHe3eMHbix onopHbix paflHOHCToranKOB c 
nejibio oöecneHeHHH .mKpcpepeHnnajibHoro MeTOfla H3MepeHHH yrjioBbix KO- 

op^HHaT KA. 

r.CMbiniJiHeBa H #p. 



O npHMeHeHHH pa/jHoacrpoHOMHHecKoro nojrapH3au;HOHHo- 
4>apafleeBCKoro MeTOfla H3MepemiH nojiHoro anteicrpoHHoro 

coflepxaHHa HOHocipepM nojib30BaTeji«MH rjio6ajibHMMH 
CnyTHHKOBMMH HaBHrailMOHHblMH CHCTCMaMH. 

B.A.Pa3HH, ß.cp-M.H. npcxpeccop 3aB.jria6opaTopHH 
603600 HracHHH HoBropQn, yji.Eojibiiiaa rieqepcKaa,25 

HayHHO-HCCneÄOBaTejIbCKHH pa#HO(pH3HHeCKMM HHCTHXyT 
A.H.Teruibix, 3aB.ceKTopoM 

603600 HHJKHHH Hoßropofl, yji.Eojibiiiaa IleaepcKaa,25 
HayHHo-MccneÄOBaTejiBCKHH pa#Hocj)H3iMecKHH HHCTHTYT 

r.r.CMbiuiJiaeBa, Ha^.ceicropa, K.T.H., C.H.C. 
141070 r. KopojieB yji.riHOHepcKaa,4 

UHHHMAUI 
Teji 513-51-47 

MHorne nojib30BaTejiH rjioöanbHHMH cnyTHMKOBbiMH 
HaBHrautHOHHbiMH cHCTeMaMH pacnojiaraioT ojmoHacTomoPi annaparypoH, 
npH H3MepeHH$ix c KOTopoft HOHOc(pepHaa 3aflepxxa cnymHKOBbix cHraajioB 
CTaH^apTHoro MecToonpe/iejieHHa (50-100M) aBjiaeTca OAHHM H3 OCHOBHBIX 
HCTO^HHKOB OIUHÖOK B OnpeflejieHMH KOOpflHHaT.  C 3THM CBH3aHO 6ojibinoe 
BHHMaHHe, yaejiaeMoe npo6jieMe HcioiioaeHHH HOHOccpepHbix norpeiiiHOCTeH 
B HaBHrau;HOHHbix H3MepeHHax npH Hcnojib30BaroiH oflHonacTOTHoft 
armapaTypbi. O^HaKo H npw Hcnojib30BaHHH flByxHacTOTHOH annapaTypbi 
Heo6xoflHM yneT ocTaTOHHoft HOHoc<pepHOH norpeuiHocTH H3MeperoiH. 
HoHoc4).epHaa 3a«epxKa paflnocHiwanoB Ha Tpacce HHC3 - oöbeKT 3aBHCHT 
ox nojmoro aneicrpoHHoro copfipxmmn HOHoccpepbi  (I13CH),  KOTopoe B 
CBOK)  CWepeflb 3aBHCHT OT BpeMeHM  CyTOK,   Ce30Ha,   COJIHCHHOH  aKTHBHOCTH, 
reorpacpMHecKHX KoopzjMHaT oöbeicra H KoopmiHaT cnyrHMKOB! 
MaTeMaTmecKoe MOflenHpoBamie BapHam-ni FI3C HOHoccpepbi (BUSCH) 
AocTaTO'jHo CJKMKHO H CB33aHo c npMBjieaeHMeM ijejioro pa^a ynpomaiomHx 
ÄonymeHHM, cnpaBeßjfflBocTb KOTOpbix Hyscflaerca B o6ocHOBaHHH. OTcio^a 
acHa BaxHocTb 3KcnepHMeHTajibHoro H3MepeHna BI13CH. 

C noBbimeHHeM TpeöoBaHHH K TOHHOCTH H3MepeHHH c noMombio 
KOCMHHeCKHX   HaBHraUMOHHblX   CHCTeM   6yaeT   nOCTOHHHO   B03paCTaTb 
HeoSxo^HMocTb rji;o6ajibHoro MOHHTopHHra HOHoctpepw. 

MeTOflw onpeflejreHHai nojiHoro ajieiopoHHoro co^epxaHHa 
HOHOctpepbi (I13CH) H ero Bapnanira (BII3CH) o6jia#aioT pimoM He- 
aocTaTKOB, ^ejiaiomHM HX MajionpHroÄHbiMH fljw HenpepwBHoro KOH- 

TpOJIS  COCTOHHIM  HOHOC(pepbI.   TaK MeTOfl  HOHOC(pepHOro  30HflHpOBa- 
Haa cHH3y OCHOBEH Ha MQzjejibHbix npeacTaBJieHirax o pacnpe^ejieHHH 
3JieKTpOHHOH KOHHeHTpaUHH B HOHOC(pepe H HeHyBCTBHTejieH K H3Me- 
HeHiMM ajieKTpoHHoii KOHueHTpauHH, npoHcxoaamHM Bbinie MaKCH- 
MyMa F2-cjioa, HTO MoxeT B oxnejibHbix cjiyqaax npHBoziHTb K OTHOCH- 

TejibHWM ouiHÖKaM B onpeflejieHHii II3C, npeBocxcwimHM 100%. Ero 
KOMÖHHamra c MeTo^OM 30HflHpoBaHHH cBepxy TpeSyeT aKKypaTHoro 
"cinHBaHHa" nojiyneHHbix oflHOBpeMeHHo npocpujieft ajieicrpoHHOH 
KOHiieHTpauHH H He o6ecneHHBaeT HenpepbiBHocTH KOHTpojia. 

MeTOflbi, ocHOBaHHbie Ha HSMepeHHH cnyrHHKOBbix pazjHocHraa- 
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jioB KorepeHTHbix racTOT H pa3HocTHoro acptpejcra ßoroiepa 
(Hcnojib3yK»TCü AJIA 3TOH uejiH, Kaic npaBHJio, HC3 c nojrapHMMH Kpy- 
roBWMH opÖHTaMH) no3BOJiHK)T nojiynaTb "pa3pe3M" ri3C no reorpa- 
(pHHecKOH niHpoTe, HO jiHinb BO BpeMa nojieTa HC3 H TOjibKo zio TOH 

BbicoTW, Ha KOTopoii OH npojieTaeT. 
MeTon H3MepeHiM 4>apa^eeBCKoro noBopoTa njiocKocTH nojrapH- 

3aHHH jiHHeiiHo nojwpH30BaHHoro pazmoH3Jiy*ieHHfl OT nepeßarqHKOB, 
ycTaHOBJieHHbix Ha reocTaunoHapHbix MC3 jjaeT B03M05KH0CTb nojry- 
qaTb HenpepbiBHyio HH(popMaHHio o I13C, o/j(HaKO cymecTBeHHMM He- 
ÄOCTaTKOM ero aBJTfleTCü HeB03M02KHOCTb ero npHMeneHHa Ha cpe/nrax 
H BbicoKHX innpoTax, rfle reocranHOHapHbie HC3 Ha6jnoflaeTC5i non, 
HH3KHM yrjIOM  K ropH30HTy.  TaK,   Ha IHHpOTe  MOCKBH,   ecjiH  nyHKT 
HaojHOfleHiM H HC3 jiexaT B IIJIOCKOCTH o^Horo MepHÄHaira, ero yroji 
MecTa h cocTaBJweT BejiiWHHy OKOJIO 30°. ECJIH aojirora nyHKTa Ha- 
ojnoflemra H reocTaHHOHapHoro HC3 He coBna/jaioT, c HX pa3Hecemi- 
eM yroji MecTa HC3 pe3KO yMeHMiiaeTCü H npn pa3HHHe flojiroT, Ha- 
npHMep 60°, Ha TOH xe nrapoTe cTanoBHTca MeHbine 10°. IIojiyHeHHbie 
TaKHM o6pa30M /jamme cyMMHpyioTCH Ha ,o;ocTaTOMHO 6ojibnioM HH- 

TepBajie reorpacpmecKHX nrapoT, HTO npH HajurraH ropH30HTajibHbix 
rpa#HeHTOB   SJieKTpOHHOH   KOHUeHTpaHHH   MOXCeT  npHBOflHTb   K   6oJIb- 
iiiHM oiHHÖKaM B onpeflejieHHH BII3CH. 

IlepeHHCJieHHblX     He#OCTaTKOB     JIHIIieH     paflHOaCTpOHOMEReCKHH 
no^pH3aHHOHHo-4)apafleeBCKHH   (PATIO)   MeTOfl   H3Mepemra   TI3C 
HOHOCCpepbl. 

PAII<E> MeTOfl ocHOBaH Ha npHeMe jiHHeÖHo nojiapH30BaHHoro 
ranaKTHHecKoro panHOHSjiyqeHMi H no3BOjraeT Hcnojib30BaTb HeKoro- 
pbie oöJiacTH He6ocBOjj,a B KaqecTBe ecTecTBeHHbix HCTOHHHKOB JIH- 

HeHHO    nojiüpH30BaHHoro    paflHOH3jiyHeHHa    jj/ra    "npocBeqHBaHira" 
HOHOC(pepbI. 

ECJIH noHoctpepy cqHTaTb ccpepnqecKH CJIOHCTOH, TO yroji noBo- 
pOTa IIJIOCKOCTH nOJIHpH3aiIHH pajJ,HOH3JiyqeHH5I 

K r 
y/ = — I NeB cos a secz dh 

v  o 

me     z - yroji MejK/jy HanpaBjieHHeM Ha HCTOHHHK H BepTHKa- 
JlbK) Ha BWCOTe h. 

a  - yroji Mewjsy HanpaBjieHHeM MarHirmoro mwra H jiyneM 

3peHHÜ. 
BbiHocfl   3a   3HaK   HHTerpajia   HeKOTopoe   cpe/j,Hee   3HaneHHe 

B - Bcosa secz, nojiyqaeM 

v 
n 

Nh=\Nedh 
o 

rjj;e Nh - ajieicrpoHHoe cowspiKaHHe HOHOccpepw JJ;O BHCOTW h. 
riocKojibKy B flaHHOM cjiyiae HCTOHHHK JIKHCHHO nojrapH30BaH- 
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Horo paßHorojiyqeHjra Haxo#HTca aaJieico 3a npe^ejiaMH HOHoccpepbi, 
OO 

TO h=oo H jNedh = Nn npeflCTasjiiieT CO6OH nojiHoe arceicrpoHHoe co- 
0 

flepxcaHHe HOHoccpepbi. 
fljra H3MepeHHH 4>apafleeBCKoro noBopoTa IIJIOCKOCTH nojrapH3a- 

HHH rajiaKTH^ecKoro jiHHeÖHo nojwpH30BaHHoro paflHOH3JiyqeHHW B 
HOHoccpepe H nocjie,ayioiiiero Bbrracjiemifl IT3C Heo6xo«HMO 3HaHHe 
3aHOHOc(pepHoro 3HaH6HH» no3HUMOHHoro yrjia xo , TO ecrb no3HUH- 
OHHoro yrjia IIJIOCKOCTH HOjrapH3aHHH pa;jHOH3JiyqeHHÄ oöjiacTH Ta- 
jiaKTHKH, Bti6paHHOH B Kaqecrae STajioHHoii, Ha Bxo/je ero B HOHO- 

c(pepy. npH 3TOM (papafleeBCKHii noBopoT \\J öyzjeT paBeH 
V=X - Xo 

r#e % - TeKyiqee 3HaneHHe H3MepneMoro paflHonojiapHMeTpOM no- 
3HUHOHHoro yrjia IIJIOCKOCTH nojrapH3aH,HH peracrpHpyeMoro pa/ino- 
H3jiyqeHiw. B STOM cjiyqae nojiyqacM 

" ~ kB 
npH onpe^ejieHKH xo MJIH pima HccjiejjyeMbix oSjiacTen B 

HHPcDH HcnojibsoBajiHCL aaHHbie o KpHTEraecKHx nacTOTax f0 F2, no- 
JTyqeHHbie Ha craHUHH HOHoccbepHoro 30HflHpoBaHH5i B 3aropo/iHOH 
Jia6opaTopHH HHPOH "3HMeHKH". Hcnojib3yü HX HOC MOJKHO 3ann- 
caTb KaK 

N„ =Nmax D=l,24 1010 (f0 F2)2 D, 
r#e Nmax - afieKTpoHHaa KOHoempamra B MaKCHMyMe CJIOü F2, f0 

F2 BbipaaceHa B MTn,, a acptpeKTHBHaa TOjimHHa HOHoc4)epw D B KH- 

JIOMeTpaX.   /laHHbie   06   3<Cp(peKTHBHOH   TOJIIUHHe   HOHOCCpepbl   MO^CHO 
nojiyqHTb no H3MepeHH5iM ßpyrHMH MeTo^aMH HJIH C Hcnojib30BaHHeM 
MOflejien HOHoccpepbi. 

CTpoü Ha rpacpHKe 3aBHCHMocTb Nn, nojiyqeHHyTo TaKHM o6pa30M 
OT H3MepeHHbix noji5ipH3amioHHo-(papafleeBCKHM MCTO/IOM B Te xe 
MOMeHTbi BpeMeHH 3HaHeHHH x AT* nepHo^a, Kor^a f0 F2 cymecTBeH- 
Ho MeroiioTCH, H 3KCTpanojiHpya ee 3aTeM no HyjieBoro 3HaneHHH 
Nn=0, nojiyqaeM 

X( Nn=0)= xo 
QrMeTHM, HTO npH H3MepeHHH BapnaiiHH nojiHoro 3JieKTpOHHOro 

coflepxcäHHH A N„ 3HaHHH  xo He TpeöyeTca, nocKOJibKy B STOM cjiynae 

rjie Ax - BapnamiH (papatjeeBCKoro BpameHira B HOHoccpepe OT- 
HocHTejibHO npoH3BOJibHoro yrjia. 

To^iHocTb H3MepeHHH BapHauHH ANn Bbime TOHHOCTH onpe#e- 
jieHHü Nn, T.K. npH STOM HCKJHOHaeTCH oura6Ka B onpe#ejieHHH xo- 

OnHCHBaeMbift Mero/j, HMeeT pa,n, npenMymecTB nepen, flpyraMH 
paAHo4>H3HMecKHMH MeTOflaMH M3MepeHHa BapMaijHM nojiHoro 
ajieKTpoHHoro    co/jepacaHMH   HOHoccpepbi:    o6ecne<mBaeT   HenpepbiBHocTb 

r.CMMinjiaeBa 

0 



H3MepeHHH M MOiKCT C ycneXOM npHMeHHTbCH B nyHKTaX C npOM3BOJIBHHMH 
reorpa(J)HHecKHMH KoopflMHaTaMH. MeTOfl npocT, aKOHOMHneH H HaflexeH. 
Bo3MoxHa nojiHaa aBTOMaTH3am«i H nepeflana 3THX jxannbix noTpeÖHTejno. 

r.CMbiuiJiaeBa 



H/articl/articlc2.doc 

Pa3pa6oTKa HMHTamioHiibix MOflcneH onepaunii oöjieTa, CTMKOBKH H MOHTaxa nr 
Ha MKC c noMOLUbio iviajibix po6oTH3npoBaHHbix iuiaT(popM 

B.B. BopwcoB, B.n. EoroMOJiOB, C.H. KOCTHH, 

B.A. OpojiOB, H.M. CHAOPOB 

141070, r. KopojieB, MocKOBCKaa o6jiacTb, yji. ÜHOHepcKaa, «OM 4 

B HacToamee BpeMa no nporpaMMawt, CBa3aHHbiM c MKC, HMeerca pa# npoeicroB H 

npefljio>KeHHH no coaaaHHio TejieonepaTopOB n po6oTH3npoBaHHbix njiaT(})opM, paöoTaio- 
mnx coBMecTHO co craHUHen. Taicne pa6oTbi Beayrca B CIHA, Eßpone n JITIOHHH, npnneM 
HeKOTopbie npoeKTbi BMXO^T Ha ypoBenb jierobix HcnbrraHHH. B POCCHH BeAerca npo- 
paöoTKa npoeicroB HHcneKTopa CTaHmra, a TaioKe aBTOHOMHofi miaT<J)opMbi MHoronejieBo- 
ro Ha3HaHeHHH "MAKOC", o6cjiyxnBaeMon B ycjiOBHax KocMnnecKoro 6a3HpoBaHHa B 

xofle nepHOflnnecKHx CTbiKOBOK/c6jm>KeHHH c MKC. Ha 6opry njiar^opMbi npeflnojiara- 
erca ocymecTBjiaTb nporpaMMbi MHicporpaBHTan,HOHHbix nccrreflOBaHHH, öHOMCAHUHH- 

CKHe H ÖHOTexHHHecKHe 3KcnepHMeHTbi, SKcnepHMeHTajibHbie nporpaMMbi B HHTepecax 
acTpo4>H3HKH, reo^mmKH, HccjieAOBaHna npnpoflHbix pecypcoB 3eMjm. Ha njiaT^opMe 
npeflnojiaraerca pa3MecTHTb cxepeo-TB cHcreMy H MaHHnyjiaTOp, o6ecneHHBaioiHHe AHC- 

TaHnnoHnoe o6cjiy>KHBaHHe paöonefi 30HM H BrayanraanHio npoBOflHMbix 3KcnepnMeH- 
TOB. 

PemeHHe 3a#aH o6cjiyiKHBaHHa op6HTajibHOH craHUHH n nojie3Hbix rpy30B npeana- 
raerca ocymecTBjiaTb cnennajibHMMH po6oTH3npoBaHHbiMH njiarijjopMaMH. ILiaT^opMa 
— aBTOHOMHoe, OTHocHTejibHo Majioe TexHHHecKoe ycTpoficTBO, (pHKcnpyeMoe Henocpefl- 
CTBeHHo K nojie3HOH Harpy3Ke. AßTOHOMHaa njiar^opMa, npe«Ha3HaHeHHaa B OCHOBHOM 

ÄJia Monraaca nojie3Hbix Harpy30K, ycTanoBKa KOTOpbix Ha cxaHHHH HOKejiarejibHa H3-3a 
HajTHMH« HeflOnyCTHMblX B03MymaK)IE|HX B03#eHCTBHH. 

njiar^opMa npeflCTaBjiaer CO6OH KOHCTpyicuHio, cocToamyio H3 cjieayioiHHx oc- 
HOBHbix 6JIOKOB: 

— KOMnjieKT nyjibCHpyiomnx peairoiBHbix flBHraTcna Manoß Tarn Ha cacaTOM 
B03ayxe. ^BHraTejiH npeflCTasjiaioT co6ofi ajieicrpOMarHHTHbie KjianaHbi, Tara B 

KOTOpbix co3flaerca OKarbiM B03flyxoM, Bbixo#amHM nepe3 conjia; 
— cjieflamaa onranecKaa cnc/rana c MapicepaMH (TOMCHKHMH HCTOHHHKaMn), yc- 

TaHOBjreHHbiMH BÖJIH3H Tpe6yeMoro MecTa CTMKOBKH nojie3Horo rpy3a; 
— mecTb aKcejiepoMeTpOB; 
— aBTOMaranecKaa CHCTeMa fljia CTMKOBKH njiaT^opMM K Harpy3Ke; 
    ÖOpTOBOH KOMnbHDTCp; 
    npHeMHHK HaBHraHHOHHOH HH^OpMaUHH. 
CucTeMa "njiaT<J)opMa - nojiesHbift rpy3" BbinojiHaer cjio^Hoe npocrpaHCTBeHHoe 

ABH5KeHne, a npn CTMKOBKC K crampm saBHcaeT nan 30HOH MOHTa^a. ^BHraTejin Majiofi 
Tarn Hcnojib3yiOTca, «jia nepeiviemeHHa B npocrpaHCTBe njiaT<popMM, H, cjie#OBaTejibHO, 
Harpy3KH. HyBCTBHTejibHaa K nojiojKeHHio onranecKaa cncreMa Heooxo^HMa fljia nojiyne- 
HHa HH<j)OpMaUHH OTHOCHTCJIbHO npOCTpaHCTBeHHOrO nOJIOaceHHa TOHeHHblX   HCTOHHHKOB, 
4)HKCHpoBaHHbix K MecTy cTbiKOBKH njiarcfjopMM. AxcejiepoMeTpbi Heo6xoAHMbi fljia on- 
peAejieHHa ycKopeHHÄ B03fleHCTByioinHx Ha Harpy3Ky. EopTOBofi KOMnwoTep Hcnojib3yeT 
cneuHajibHo pa3pa6oraHHbiH ajiropnTM ynpaBJieHna nxraT^opMbi. Ha ocnoBaHHH nocry- 

B. EoroMOJiOB H ^p. 
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g   — ycKOpeHHe cBOÖoflHoro naAeHHjj; 
Mq— iwacca nane3HOH Harpy3KH., 
Mh — Macca 6a30Boro o6beicra. 
Cjiesyer OTMerHTb, HTO 3HaneHHe d2Xs /dt2 onpeAejiaercH noica3aHHJiMH aKcejiepo- 

MeTpa. 06o3HanHM aHajironpyeMbiH HHTepBaji T = not, rfle: 
5t — HHTepBaji BbiAaHH B 6opTOBofi KOMnbHDTep AaHHbix OT AaTHHKa H aKcejiepo- 

MerpoB (8t = 0.1s -*- 0.05 s); 
n — HHCJio ToneK Ha HHTepBane (n = 30 + 40). 

B Hanane aHajiH3HpyeMoro HHTepBajia Dx = Ux = 0. 
B pe3yjibTaTe HirrerpHpOBaHHa ypaBHeHHH (2) * (3) no TOHKaM HMeeM Ha KaacAOM 

mare HHTerpnpOBaHHJi 3HaneHHa oneHOic KOOpAnnaT (Xs (n), Zs (n)) H OUCHKH cKOpoc™ 
(Vxs (n), Vzs (n)). TorAa Ha IODIWOM mare dt HHTepBana T HCBJöKH BUHHCJBQOTGH Tan: 

5x(n)=Xo(n)-Xs(n) 
(4) 

8z(n)=Z(n)-Zs(n) 
( Z (n) npHHHMaeTca H3 ypaBHCHWH (2)). 
nojiyneHHbie 3HaneHHS[ annpoKCMMnpoBaHbi napa6ojiofi c noMOWbio MeTOAa Han- 

MeHbniHx KBaApaTOB, H B KOHue HHTepBana T BUMHCJienu npHpamerow KOOpAHHar, CKO- 

POCTH (npOH3BOAHaa napa6ojiw) H B03MymeHHa BHCIIIHHX CHJI (BTOpaa npoH3BOAHas na- 

pa6ojiw): 
AZ = £5z(n)Ko(n) 

AVx=Z5x(n)Ki (n) (5) 

AVz = S5z(n)Ki(n) 

AFq = S8x(n)K2(n) 

TAe: 
Ko(n), Ki(n), K2(n)- BecoBbie KoaffxJwuHeHTbi; 
Fq - BHenmne B03MymaitomHe CHJIH, AeficxByiomHe Ha Harpy3icy. 
H, HaKOHeu, crjia»ceHHbie 3HaneHHH KOopAHHar H cKOpocTeß w* npaBofi rpaHHUbi 

HHTepBajia T 6yAyT cneAywmHe; 
Xq = Xo 

Xh=-(Zs+AZ)+Xq 

(6) 

VXq = VXs+AVx 
Vxh = -(VZs+AVz)-VXq 

3) PacneTHbie 3HaneHH5i (6) IIO3BOJIJHOT peuiHTb KpaeByio 3aAany ycraHOBKH no- 
jie3Horo rpyja Ha 6asoBoe cpeACTBO H «fciopMHpoBaTb KOMaHAbi ynpaßjieHne AJM cpaSarbi- 
BaHHH cooTBeTCTByroxAHX ABHraTejieii (Dx, Ux). PaccMOTpnM cxeiwy peuieHH» KpaeBoK 3a- 
AaHH no OCH X. MO>KHO ncnojib30BaTb orieAyiomee ypaBHeHHe ABH^ceHHa: 

d2X/dt2=-Dx/Mq (7) 

B. BoroMOJiOB H Ap. 
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CucTCMa ynpaB^eHHJi flojMCHa peajiH30BaTb cjieflytomyio KpHByio ABHACHHJI (T.C 
pemeHHe HIUCTCH Ha STOH KPHBOH); 

X=(Co+Crt)-(t-tk)
3 (8) 

TpaHHHHbie ycjiOBH«: 
Rnx t = 0 (jieBaa rparoma HHTepBauia T) 
KOopaHHara X = X0 

CKOpOCTb V = Vxq 

Ana t = tk (KoneHHaa TOHica npouecca) 
X = 0 
V = 0 

IIpH B3HTHH npoH3BO«Hbix ypaBHemw (8) Mbi nojiynaeM cHCTeMy ypaBHeHHfi AIM 
onpe^ejieHHH C0 H Ci: 

Xo= -Co-tk 

VXq= 3-Co-tk
2-Crtk

3 (9) 
Ha ypaBHeHHH (7) 

Dx= -Mq-d
2X/dt2 (10) 

npH pemeHHH CHcreMw (9), B 3aKjnoHeHHe MM HMeeiw: 
Dx=Mq(12-Xo/(tk-t)

2 + 6VXq/(tk-t))+Fq (11) 
Ha njiaT(J)opMe ycTaHaBjiMBarorca nyjibCHpyiomHe peaKTHBHbie flBHrarejiH HeH3Me- 

HaeMOH MomHocra (P), BcneflCTBHe Hero HeoSxo^HMo npHflepHCHBaTbCH cneayjomux npa- 
BHJI: 

if iDxl < P/2 thenDx=0 
if Dx > P/2 thenDx=P 
if    Dx     < P/2 thenDx=-P 

IlepeKjiK)HeHHe flBHraTejiefi peajiH30BaHO no KOManzjaM OT KOMnbioTepa. 
AnropHTM noBTopaeT    npHBeaeHHbie npoqeaypw Ha HHTepBajiax BpeiweHH öt 

(cflBHraa aHamoHpyeMMH HHTepBaji   T Ha mar Öt), noica npouecc ycraHOBKH He 3aBep- 
IHHTC». 

Pe3yjibTaTbi MOflejmpoBaHHH noffraepKAaiOT B03MoacHOCTb co3AaHHa ycTpoficTBa c 
Maccofi npH6jiH3HTejibHO 50 KT, cnoco6iioro pa6oTarb c ITOJIöHOH Harpy3KOH Maccofi no 
20.000 Kr. ToHHOCTb c6opKH OKOJio 0.5cm. 

B HacTOHiuee BpeivM pa3pa6oxaH Maicer njiar^opMM, no^BemeHHOH Ha TpocoBOH 
CB*3H H paöoTaiomefi B KOMnjieKce c noflteMHbiM MexaHH3MOM H cnocoÖHofi ycraHaBJiH- 
BaTb rpy3 BecoM npHf)jiH3HTejibHO 100icr (-rara flBHraTejiefi B npoTorane — 2.5 N). fleficT- 
BHe 3TOH njiaT(J)opMbi c Harpy3Koß B pasjiHHHbix BapHanrax c6opoHHo-MOHTa>KHbix pa6ox 
nojiHocTbK» noflTBep»;AaeT pa6oTOcnoco6HocTb H HaaexcHocTb anropHTMOB. 

IIo pe3yjibTaTaM pacneroB H HaxypHbix HcnbrraHHfi onpeflejieHbi Tpe6oBaroia K 

TeXHHHeCKHM xapaKTepHCTHKaM 6JIOKOB. 

a) PeaKTHBHbiH aBHraTejib: 

— AHana30H HOMHHajibHoR TJira AOJDKCH 6biTb wte^fly 500 + 600 N.; 
— fljTHTejibHocTb HMnyjibca flOJi>KHa 6biTb MeHbuie HCM 0.1 ceicyHflbi; 
— 3ana3AbraaHHe nepeioiioHeHHH aJieierpoMarHHTHbix KjianaHOB OKOJIO 0.05s.; 
— paöonee Tejio - OKaTbifi B03flyx. 

6) MyBCTBHTejibHasi K noji05KeHHio onTHHecKa« CHCTeMa: 

B. BoroMonoB H up. 
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— CHcreMa AOJiacna onpeAenjrrb yrjiOBoe nojioaceHHe MapKepOB, Kor^a paccToa- 
HHe Meag;y AereKTopoM H HCTOHHHKOM HaxoAHTC« B AHana30He OT 1 «o 100 M; 

— yroji nojuf o63opa AOJOKCH 6biTb 6oJibiue neu 20 rpaaycoß; 
— TOHHOCTb onpeÄejieHHfl yrjiOBoro nojioaceHHH HcroHHHKa CBera (BO BceM flwa- 

na30He paccToanHfi) AonacHa 6biTb OKOJIO 3 yrji. MHH; 

— nacTOTa onpoca AanHbix OT «aTHMKOB AOJraHa 6biTb OT 10 ao 20 IX 
— yrjiOBaa CKopoCTb ABH>KCHHH MapKepOB B npeAenax nojis o63opa AaTHHKa 

AOJiacHa 6biTb MeHbine HQM 3 rpaA/ceK. 
B) AjccejiepoMeTp: acecTKHx Tpe6oBaHHH He BwaBjieHO. 

Ba>KHO oöpaTHTb BHHMaHHe, HTO Bee ocHOBHbie nacTH ruiaT^opMbi yxe cymecTBy- 
K)T H uiHpOKO ncnoJii>3yK)TCH B pa3JiHHHbix oojiacrax. 3TO B CBOK» onepeflb no3BOJiaeT 3Ha- 
HHTejibHO yMeHbuiHTb BpeMfl H CTOHMOCTb pa3pa6oTKH njiaT^opMbi. 

OnepauHH ocymecrBjweMbie njiaT^opMaMH H TeJieonepaTopaMH B oKpecTHOCTH 
TaKOH CJI05KHOH npOCTpaHCTBeHHOH CTpyKTypbl KaK MKC AOJUKHbl HeTKO njiaHHpOBaTbCH, 
OTpaÖaTbIBaTbCH H KOHTpOJIHpOBaTbCH. B CBH3H C 3THM Ha BCeX 3TanaX B03HHKaeT HeoS- 
xoAHMOCTb B aaeKBaTHOM rpa4)HHecKOM oTo6pa>KeHHH cmyauHOHHofi oGcraHOBKH Ha 

nyjibTe onepaTopa. 
IlpH 3TOM AOJDKHM OToGpajKaTbca: 
— CTaHUHH B uejroM, o6cjiy»:HBaeMbiH nojie3HbiH rpy3, po6oTH3HpoBaHHbie iurar- 

(j)opMbi; 
    KOHTpOJIbHbie TOHKH TpaeKTOpHH  po60TH3HpOBaHHbIX  njiaT(j)OpM,  T.C   TOHKH 

nepe3 KOTopbie po6oTH3HpOBaHHaa njiaT4)opMa ÄOJiJKHa o6»3aTejibHO npoHra; 
— TpaeKTOpHH po6oTH3HpoBaHHbix njiaT^opM H nojie:3Horo rpy3a; 
— onepauHH c noJie3HbiM rp3/30M B pa6oHeM 30He, B T.H. pa6oTa MaHHnyjurropoB. 
fljia njiaHHpoBaHHH H oTpa6oTKH onepauHH cjieAyer npeAycMOTpeTb B03MO>KHOCTb 

uejieyKa3aHi«i KOHrpojibHbix TOHCK TpaeicropHH no cjieAyroujHM cxeiviaM: 
— nojieT po6oTH3HpoBaHHOH njiaT(J)opMbi K o6cjiy>KHBaeMOMy EOT, B03BpaT Ha 

MKC nocne o6cjiy3KHBaHHa; 
— 3axBaT nojie3Horo rpy3a c noMombio po6oTH3HpOBaHHOH miaT^opMbi H ero 

AOCTaBKa na MKC; 
— nojieT no yKa3aHHbiM TOMKan npocTpaHCTBa B OKpecTHOCTH craHHHH c uejibio 

HHcneKHHH MOHTa>Ka H fleMOHTa>Ka o6pa3HOB, 3aBHcamaa jyix BbinojmeHH» 
TexHOJiorHHecKHx 3KcnepHM6HTOB H opHeHTanHH annapaTypbi B HyacHOM Ha- 

npaBJieHHH. 
OCHOBHa» OCo6eHHOCTb rpa4)HHeCKOH MOA&nH ABHJKeHHH 06"beKT0B B OKpecTHOCTH 

CTaHUHH, nOMHMO pa3BHTbIX CpeACTB OTpHCOBKH o6CTaHOBKH, 3aKJIFOHaeTCH B Heo6xOAH- 
MOCTH pa3pa60TKH MaTeMaTHHeCKOfi MOAejIH ABH>KeHHfl p060TH3Hp0BaHH0H nJiaT(j)OpMbI, 
ocymecTBjiHfomefi AHHaMHHecKne onepanHH c6jiH5KeHHa, CTMKOBKH, GyKcnpoBKH H MOH- 

Taaca nojie3HOH Harpy3KH. MaTeMaraHecKaa MOAfcnb pjmyKeimn po6oTH3HpoBaHHoft njiar- 
c[)opMbi AOJDKHa yHHTbiBaTb ajiropHTMbi ynpaBjieHHa, o6ecneHHBaK>mHe 6e3onacHoe ne- 
peiviemeHHe Me>KAy saAaHHbiMH TonicaMH B OKpecTHOCTH opönrajibHoro KOMnjieKca H 3a- 
BHcaHne annapaTa B opneHTHpoBaHHOM nojioaceHHH B 3aAaHHOH TOHKC 

HMHTauHOHnyio MOAejib no3BOJiHeT reHepHpoßaTb CHTyauHOHHyK) oöcTaHOBicy B 

onepannax CTbiKOBKH/paccTbiKOBKH, nepeJieroB aBTOHOMHbix po6oTH3HpoBaHHbix njiaT- 
$opM B OKpecTHOCTH op6nTajTbHofi cTaHHHH. B KanecTBe H3MepaeMbix napaMerpoB CH- 
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TyaijHOHHOH MOflejiH Hcnojib3yiOTca AaHHbie OT onTHKOSjieiopoHHOH CHcreMbi H3Mepei 
B3aHMHoro nojioaceHHH c6jiH>KaiomHXCH o6i.eKTOB. Be30uiH6oHHaa paöoTa ajiropm 
o6ecneHHBaeTca na AanbHOCTsx OT 0 AO 2000M npn HeonpeaejieHHOCTH HanajibHbix yc. 
BHH no nojiOJKeHHK) AO 100M H no CKopocro no 2 M/C. 

HMHTauHOHHa« MOAejib reHepauHH cHTyaunoHHOH oöcraHOBicH coflepacHT MaTei 
THHecKyio Moaejib ABHJKeHHa po6oTH3HpoBaHHbix njraT(J)opM H oSecnenHBaer nepe«; 
AaHHblX  O   nOJIOJKeHMH   H  OpneHTaiJHH  njiaTtpOpMbl  (OTHOCHTejIbHO   CTaHJUHH)   B   MOA« 
CTepeorpacpHHecKoro OTo6paaceHHa. Moaejib CTepeorpacpHHecKoro OTOöpaaceHH» pa6o 
eT B cpefle WINDOWS, WINDOWS 95, HMeer HHTepcpefic c MareMaraHecKOH MOACJI 

ABHHceHHJi po6oTM3HpoBaHHbix rnianpopM H o6ecneHHBaeT BMBOA H3o6pa»ceHH5i c pa3 
ineHHeM AO 1024x768 nnKcejien. 

IlO AaHHbIM OT 3TOH MOAejlH npOBOAHTCH npopHCOBKa OÖteiCTOB H HX TpaeKTOf 
B BbiöpaHHOM paKypce. rpacpHnecKaa MOACJib ABH^ceHHH o6beKTOB B OKpecrHOCTH CT 

UHH, KaK 3JieMenr HHtpopMaujHOHHOH noAAepacKH AejrreJibHOCTH oneparopa, Moacer 
nojib30BaTbca Ha 3Tane noAroTOBKH H njiaHHpoBaHHH onepaijHH. IIoAOÖHaa CHcreMa r 
yKerr 6wxb Hcnojib30BaHa H ana oneparaBHoro OTOÖpaxceHHH oGcraHOBKH, oAHaico asm 3 
ro noTpe6yerca yner peajibHoro xoAa BbinojiHeHna onepauHH, T.e. CHcreMa AOJiacHa pai 
TaTb B pe>KHMe peajibHoro BpeMeHH H o6pa6aTbmaTb AaHHbie no TeKymefi cm-yauHw. 

B. BoroMojiOB H AP- 
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Development of Simulating Models of Fly-Round, Docking and Payload 
Mounting Operations on International Space Station with Use the Small Robotic 

Platforms 

Borisov V. V. 
Bogomolov V.P. (TsNUMash) 
Kostin S.I. 
Frolov V., A 
Sidorov I.M. 
Kosic J.C. 

Pionerskaj 4, Korolev, Moscow Region, 141070, Russia 

Problems of small robotic platforms' development are considered in this paper. 
Such platforms can be permanently based on International Space Station (ISS) and used for 
inspection of the station, payloads handling and service of autonomous scientific platforms 
free-flying in the vicinity of the ISS. Autonomous platforms carry equipment, which cannot 
be installed on ISS due to unexeptable limitations of microgravitation conditions, own ex- 
ternal atmosphere and monitoring of the surrounding. 

The paper presents control algorithms ensuring implementation ot 
docking/undocking dynamic operations and fly-round in the neighbourhood of orbital 
station with use of small rocket trusters. 

The algorithms use data from optical system which measures mutual location ot ap- 
proaching objects using dot markers. . 

It is shown that the offered algorithm provides fulfilment of dynamic operations tor 
distances of up to 2000 m with uncertainty of data on initial location conditions of up to 
100 mat speed of up to 2 m/s. . 

For visualization of robotic platforms operations simulation models with 
stereografic view of the working zone are used. Thus interactive simulating of processes of 
small satellites service and launch from the station by manipulator is provided. 

B. BoroMOJiOB H äP- 
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HcnOJIb30BaHIie   HOABHHCHOCTH   MaHHnyjIHTOpOB 
CBO6OAHO .meTaiomero KocuninecKoro po6oira B 3a/jaHe 

KOopAHHanio-MeTpHHecKoiro ynpaBjieimsi ero yrjiOBUM ABiuKeimeM 

BoroMojiOB B.n.   (HHHHMAIH) 
PyTKOBCKHHB.K). (ffliy PAH) 
CyxaHOBB.M.       (HUY PAH) 

141070, r. KopojieB, MocKOBdca» O6JI., yji. nHOHepCKaa, aou 4 

B pa6oTe pemaerca 3&p,ana CHHTe3a onTHMajibHOH MexaHHnecKOH CTpyicrypfai 
KOCMHnecKoro po6oTOTexHHHecKoro MOflyjiH (KPM) KaK o6beicra aBTOMaraHecKoro 
ynpaBjieHHH, MBjiaiomeroca CBOöOAHO MaHeBpHpyromHM TpaHcnopTHbiM cpeflCTBOM, 
yAep5KHBaK>mHM B cxBare MaHHnyjurropa Majibiö KOCMHHCCKHH o6beKT. B paöoTe 
paccMaTpHBaercH 3aflana <J)opMnpoBaHHJi MaTeMaranecKOH MO^CJIH ppniKQmvi KPM, 
OTo6paxaiomeH flHHaMHKy ero nepeMemeHH« no« fleftcTBHeM CHJI co3flaßaeMbix 
HcnojiHHTejibHbiMH opranaMH CHcreMbi opHeHTauHH H npHBO^aMH MaHnnyjurropa. 
Hcnojib30BaHHe noflBHMcuocTH 3BeHbeB MaHHnyjiHTopa npecjieayeT ijejib yjiyniiieHHa 
KanecTBa ynpaBjieHHH opHeHTamiefi KPM npH fleöcTBHH B03MymeHHH or pa6oTw 
MapmeBoro flBHraTejra, B03HHKaiomHx H3-3a HeTOHHoro 3HaHHH nojio>KeHPiH ijeinpa 
MaCC CHCTeMbI H OIHH6OK, CBM3aHHbIX C BeJIHHHHOH H HanpaBJieHHeM BeKTOpa TflrH. 

BoroMOJiOB B.n. H op. 
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Use of Free-Flying Spase Robot's Manipulators mobility for 
Coordinate-Metric Control of it's Angular Movement 

Bogomolov V.P. (TsNIIMash) 
Rutkovskiy V. Y. (IPU, RAC) 
SukhanovV.M. (IPU, RAC) 

Pionerskaya 4, Korolev, Moscow Region, 141070, Russia 

This work solves the task of synthesis of optimal mechanical structure of the 
Space Robotic Module (SRM) as an object for automatic control. The SRM is a free 
maneuvering transportation means capable to grasp a small space vehicle. Use of 
movable manipulator links is needed to improve quality of SRM control under influence 
of main engine's perturbations due to inaccurate knowledge of the system's center of 
mass and errors connected with determination of value and direction of the traction 

vector. 
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